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PREFACE 



THE AUDIENCE 



"thh book is dkrectecJ to Federal libraries and the 
librarians vvho staff them. The main audientc will be 
hbrary administrators; middlc^evol managers and 
Action headH also will benefit from thiB materiaL Parts 
Od the book also may be of value foi staff training hUc 
irt the development of minlconipuier projects. 
The library director, as the dedsionmakerj should 

familiar with minicomputers arid their applicatiohH 
m Jibranm After deciding to use minicomputers, the 
director 'must either direct the project personally or 
i*.1?^ign a project director. 

''the qualifications required for auccc^ful project direction arc not 
f^i||5d. However, the following eharaciengtics are very important r 

# Ability to coitiinunicite well 

# Sound kJio%vladge of library operatioria 

# Familiajity with at least b^ic fundamentals of data proc^ing 
lechnejogy J 

# Ability to write deafly ■ ' v 
Sound constitution ahd steady .nervea. ' 

The project will probably involve a systems team 
\hm includes data processing experts experienced with 
hardware, lystems analysis, and programming. The 
torn may draw ^^om agency parsonnel or from outside 
Wmractor^, Whichever procedure is uscds the librari- 
aii imust be a working member of the team and must 
OC^ntroI the major decisions. It is the intent of this book ' 
to prepare librarians for this role,. 

The entire staff should be kept informed of the 
progress of the automation effort because their high 
morale and suppoft of the system are^vital to the 
mcmem of the project. Lack of knowledge often 
prompts fear of the unknown. In addition to constant 
cttfnmunication, the staff should receive tradningj at 
hmi in the form of general orientation to library 
^Mitomation and minicomputers. 

In fact the library staff should '^lay an integral part 

icomributors to the drvelopment of the system. The 
libirary director alone cannot give the hcccssary 



detailed input to thc-systcm designers. It has been 
pointed out that often only the staff arc "in a position 
to recognize a serious flaw in an operating procedure. 
Unless they have^ bcei> givqn the opportunity to sec 
what the purfioses are, they can hardly begin to bring 
out what would otherwise bo only intuitive feelings 
that ^something's not right'/'? To participate fully and 
meaningfully, the staff may have to be trained or at 
leant briefed on systems analysis, library automation, 
and minicomputers. 

THE SCOPE 

This bmk covers the applicatibn of minicomputers 
in Federal libraries. The first four chapters, Part I, 
form a general tdktbook treatment of automation, 
library automation, miriicomputeiBj and library appli- 
' cations of minifeompOiters, In Part II, Chapters 5 and 6, 
guidelines for sheeting and implementing a minicom^ 
puter system are presented. 

The chapters of Part I provide th^ necessary 
background for reviewing library needs and making 
decisions in applying' minicomputer technology, If the 
reader is already familiar with automation and 
minicomputers, he or she may begin at Part IL In- 
depth eKplanations of computer technology are not 
^ssible in this bookj and are, indeed, unnece^ary for 
rriost of the librarians who will read this book. 

An understanding of systems analysis is important to 
th& readeri of this book but is not covered in depth 
here. The library director making the decisions on 
^pplying minicomputers should have completed the 
initial stages of systems analysis before applying the 
guideline in this bookr The director may foUov^ 
CuiMines for Libraiy Automations^ sponsored by the 
Federal Library Committee, for a thorough treatment 
of library systems analysis directed specifically to 
Federal libraries, ? 



t A - ■ ■ 

Rf^bcrl M. Haye and Joacph Iktker, Handbook nf Ihin Fmceiun^fot {jbrams, id ed. (Los Angelsf MelviJJe Publish ing Co.» 1974), p. 1^ L 




TIMiWNESS 

I The ikm for miriicQinputers in libraries has comn, 
Th<^ AmmtJiBview oj /nfonmUon Science and Technology^ 
ha<| % chapter on minicomputers for the first tinic in 
1975. Th^ September 1976 issue of Ubmty Jechmlogy 
H^port^' toturad;a deacription of three commercial" 
library systems that use minicornputcrH. 'rherc is a 
mad for thin book, thougli some sections rmy.bc out of 
dm hchm it is published. This is tnie of a.ny \yorH that 
dmh mth specific maJtcsand models of equipment. In 
' this ca$^, the problem is compounded by the state of 
mmkmnpm^r tccKnalugy. This infant^ area is just 
bejpnning \o mushroom and gi'ovv. Changes in basic 
methcxiolagics or breakthroughs in techniques can 
occur at m\y moment and drastically change capabil^ 
%m and! ;^jpplications, It is all for the better, but one is 
warnqd io $iay on top of this dynamic field. * 

THE SPONSORS 

. The Federal Library Commhtee (FLCX has recog^ 
nimd tN trend to minicomputer applications m 
libmrte and their value to Federal libraries. In 
response FLC has organized a working group on 
minicompijters to serve as a forum for Federal 
libr^riiitt^ to share knowiedge ^and experience; PLC 
alao coftitf acted with Informatics Inc to .write this 
hook. TM Library Information Services section of 



>i/ MINICOMP^JrmMS IN FEDERAL LIBIIARIES 

Informatics Inc.^s Inbrnnation Services Group is 
singularly qualified to perform this taHk. Under the 
administration of Jack A. Specr, Director/ Libmry 
Information Services has supplied library technical 
services, for a number of Federal llbrari^, Including 
acquisitions service, fe^wibihty and d^ign studies, and 
produfction of bibliofraphic products. It has al^ 
developed a commerdal minicomputer system to 
sup})ort cataloging. 

Dr. Micki Jo Youni was selected by Mr. Speer to 
write the book, The background of Dr. Yo^ng includes 
expertise in^Wry technical service management; 
large-scale con^ter ^ystemsj minicomputers as a 
cataloging utility/tool;, md systems design. Frank A. 
Pezmnitc and J. Chrifi Reisinger of Informati^' senior 
staff provided tcchnies^l expertise for this book. Mr. 
Pezzaiiite is the TechnM Direcpr of Library Infor^ 
mation Service and in charge of project develop- 
ment for MfNLMARC, the fihn^i commercial mini- 
computer module for catalogihg^ Mr, Reisinger is 
Technical Director for Electronic ComposUion Servic- 
es in the Information ^^roc^ing Services Division. He 
is res^nsible for computtr-based text-processing, 
using both large-scale •computer systems and minicom- 
puter systems. Together, these three persons bring a 
welUrounded professional view of Aunicomputers in 
Federal library applicMions. 

. J - June 1977 
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CHAPTER ONi 
OViRVIEW OF AUTOMATION 



HOW A COMPUTER WORKS 

In general there arc three poasible niocJc^ for library 
operational manual, mechanized^ and automated. At 
one time all catalog cards were written by handj afld 
pctimanship called library hand wa.^ taught in library 
school. The typewriter* and then muliilithi offset, and 
photocopy processes mechanized card production, The 
next step, automation, involves use of a computer. 

Ned Ohapin defined the computer m follows: **An 
automatic computer is a machine that manipulates 
symbols in accordance with given rules, in ^ pre- 
determined and self-directed manner/'* The keyi word 
is "seW-directed." This is what distinguishes automa- 
tion from m€chani?,ation. Sometimes this concept is 
called the "stored program,'* Cox, Devs^, and Dolby 
wrote, "A librarian rnterested in the potential usefuU 

_ nc^ of a computer must fii^t have an idea of what the 
machinery and associated programs can do.'*^ It is for 
this purpose that the following general description of 
computers, their functions and roles, is presented. ^ 

There, are two main typ<^ of computen;: analog and 
digital.^* An analog computer represents variables by 
analogies, That is, it represents numerical quantities 
by means of physical variables such .as translation^ 
rotation* voltage, or residence. Analog computers are 
used mainly in industry and for scientific applications 
requiring simulation of nature or natural properties, A 
digital computer expresses variables in discrete, count- 

. able form usually by means ofcoded charactei^ such as 
numbers, signs, or symyols. Digital computers are best 



suited to arithmetic and logical ttj^rations in business 
and engineering appiicatlona, Bemuse of the nature of 
library operations, digital coinpM^^Jt^ arc used exclu- 
sively for library automation And the remaining 
discussion will deal with digital cor^ipuicrs only, 

Tci^underatand computers, or),tS must consider both 
the equipment (hardware) m\d the instructions or 
programs that make them seif-diTOting (software). 



Five separaie fu actions can be pK^rformed by com- 
puter hardware;^ 

• Convemon from one form representation to 
another 

• Sioragi for varying periods af %m\e 

m Communication by movement •wf data 
. • Logical and arithmetic promMg 

m Display in human-sensible hm. 

No one machine performs all fi v^ functions. Rather, 
a* number of devices are combiived* The group of 
components required to perform t:he five functions 
CDnsistsoW 

• An input unit 

• Thememo^, 

• The control unit * 

• The anMm^/i^ unit ' 

• An ouipui unit, 

Each of these components h ciot necessariiy a 
separate piece of equipment, Som^ components have 
multiple uses (e,g., both input and output) combining 



' Ned Chapm, An Irtlrvdmiwn ttt Amvfmtie CVmputers (New Yqrki Van Nnstrand, J 957) cited by Rotert M. Hays and Joseph Becker/ NmSeok g/ DaM Fmisting for 
ii^rsnfj, 3d ed. (1^ Angels: MelviHe p^^i?hing C^^^^ 

^ N. S. CoK, J. D. Dews, and J. Dojby, Tlif Compt^er and lAe Libra^, 7^ Roii oftki Cempukt m thi OrgmiMQtimaFid H^imiQfkfwftmm in Ubtmis (New^tltf 
upon Tyne, Eng. i Univeriiiy of Nrwc^tic upon Tyne . . ^ ^ 

3. A number of general text teoki on automation are available for f urther siudy; for examplf-, Marilyn Bohl. infomaUm Pmening, ^CBdeagoi Science Rraeareh 

Aaqciatei, 1976) -and Elias M. Awad and Data PriKKsing Management /^3c\himn, AmtmUt Data Prpcmmg; PnneipUs and Pfv€cdu^i>, ^ ml. (Englewood Glif/i, NJ,/ 
PrentJce^Halh 1973). Hays and Becker's Handbook of Data Pfocriiing fhr Librams is a cQmpreheniive treatment of library autgm^tkn iM*h^le Campuiir V Sysi4ms; An 
/fi/ra^//0n/yf ii&raoam by^ ^ 

* Edward M. tkiliger and Paul % hkndcmjn Jr., Library Auiomaiion: Expfnenit, AM^gia^, and Technology of the Ubtaryas un kfomAttm.Snim (New York^ McGraw- 
Hill Book Co. J 971 ), pp. J 60. 173. V " * ^ J ^ V 

^ Ibid., p. 191. . 

0 WilliajTi R, CJorlis, Campukfs, Rev., Understanding ihe Atom Seri^ (Oak [I jdge, Tenn.i U J.. Atomic Energy C^mmJsion, Div(&^^^^ 
1967), pp. . . ■ - * 
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xmm ihan one unit in /\il^o.imtlcr any mw 

K^m^ry tijcre is a varkl;y «f <tevkcs frQrn whidi to 
tfmm. Tor cxample/tlier« «fC ^vmil types of input 
mm punched card . rmrl^'Ti^N P^l'^r tape readers, 
t^^pUcar character rccognitton devittes, and kcy-taKlisk 
?^1Mlions^ amon^ pthcra. 

C^^ntral Processing Uwl* 

1 he central processing uinilt<-f*W) l'*^^*^^ 
rcs^mputcr. It combine?! iw» oS th^ Nvemain functions; 
if: is compofied of the drlTjimetic and the contrit>l units 
m<\ isVloscly tM to the mrtSri mmmry. 

In a digitaL computer thni mm), \miin of computatioii 
4m discrete, countaljle coda, mo«l; cornniunly nuni^ 
'^ '\mm. Even more basic tha« mumberccKles h the Hlmple 
4X)^<)ii distinction. I'his b prin^:iple at\ which digital 
tiiiimputer operation i^ TNot and off statcH arc 

represented numerically by 0 mA L ^ 
0 (zero) ^ "ofr' 
H 1 (one) - ''on'\ 

in digital computers uHthm^Uc computations and 
aumerical exprcssfons axe h^m^ m this binary (base-^ 
two) number system rather thmi the decimal system 
l>ecausa binary is easier to urmnipulate by computer. 
' Figure 1 shows a slmpb comparison of the binary 
knd decimal number ^)^m. Further references arc 
r^ftcommended for additional um4y of binary, mathc^ 
inatics.^ At this point the thing liiyt frcmcmber is that the 
' Ol-i/off-on condition is lh<j bmn of all computer 
operations. The instruci:io!m W commands of the 
program that allow the cor«puT«r to be ^^sclf-dircctcd" 
^fe represented by Chi cmim, m are the data to \^ 
processed or manipulated. , , 

Tliere are several atMndard O-l codes in which 
^parate arithmetic valuer used to represent 
specific letters, numbers, oraymtols. Some codes have 
been siandardi?:ed throughout die computer industry 
mnd can be used on any manufticturer's equipment: 
BCb, EBCDIC, and ASCtt are the three most 
common. ASCII (American Standard Code for Infor- 
mation Interchange) m us^d thrwghout the Federal 
dovernment as the standard and is die ctKlc for the 
Ubrary of Cong ress MARC II di.nribiJtion tapes. 

Table 1 gives the scven-difi^ (seven-bit) binary 
pattern for each letter, nunil:^A; and synnbol in the 
ASCII code. The order of che codes represents the 



binary (aritlnuctic) values in ascending numerical 
' (irdcr; if data expressed in ASqjII c«Jc is sorted in 
nurirerieal order, it will result in this sequence, ' 
I'rograrnmcrs often review and 'manipulate data in 

^ binary form a? programs are developed and corrected. 
Representing each character with seven digits woulcl 
lie cuml>er^jme and slow' To provide a shorthand 
incthod of handling these binary patterns, hexackci- 

■ rnal notation is ^metimes used. Hexadecimal is ,a 
baj^eT6 system in which there are 15 deoimat uniU* 
before the 10 (no units, one 16) is reached. Because 
there aren*t enough numerals to expr^s all the units, 
the letters A ibr<>wK^^P^r|"^^^^ 

Table I ^Coniparison of Decimal, Hexadecimal, 
and Binary Syitemi ' 



Syitem 



Haxadecinud 
Syitciii 



Plnary ^yHcm 
B * 2 I bit value 



0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
H 
15 



0 



D 



0 0 0 0 
0 0 0 1 
0 0 10 

0 0 1 i 

0 1 0 0 
0 10 1 

Olio 

0 111 

1 0 0 0 
10 0 1 
10 10 
10 1 1 
110 0 
110 1 

1 1 i 0^ 
1111 



When hexadecimal notation is used for ASCII code, 
every four bits are represented by a hexadecimal 
character. Since ASCII is aseven^bit code, the eighth 
bit (reading from right to left) is assumed always to be 

zero: - u An 

^10001 II ^ Hex 47 

0111 " ^ . 

0100 - 4 ■ 



ASCII 
Hex 
Hex 



ASCII 



k - 



-IIOIOII 

6 B 



- Hcii 6B 



This allows eight characters to be reduced to two 
characters for efficiency, but it must be remembered 
that the eight-bit patteri>s are what reside in main 
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AtrroMATlON 



TOiiCouhti 



■ • 

II 

••• 

••••II 
§^•••1 

•i|*ii 

•■••II 
••»••• 
• •• 

,l«MI^ 
•€lill 
•••••^ 
•••■II 
•••••• 



DECIMAL SYSTEM 
bfliQ tan ' 
0 Ihrough B ' 



j:z 



WNAnY SYSTEM* 
bnio two 
0 and 1 



1.1 0' 



DECIMAL NUMBEn 


BINARY NUMBER 


qOMPUTER IMPULSE 






PATTERN (Qff^u. OD^x 


h 

0 


0000 


□ OUfl 


1 


0001 




2 


0010 


uoxo ^ 


3 


0011 


QOKH 




0100 


□ XQO 


5 


•0101 




0 


QllD 


OXKO 


7 ' / 


0111 


OXKX 


> ' 8^ 


1000 


XOQO ' 


' > 0 


1001 


XOQX 


10 


1010 




11 


1011 ^ 




/12 


1100 


KXQO 


/. 13 ^ 


1101 


X)<OX 


14 


1110 


XXKO ' ^ . 


15 




" " XXXK 



AOOITION EOLLdvQS THE SAME RULlS AS DECIMAL ADDING, INCLUDING CARRYING 

' . 13 



3 



00001 
00010 

00011 



2 
+ 3 



00010, 

oQon 

^Ofllfll 



24 



01101 

PJHi 

11 000^ 



FiouilE L Comparison of binary and decimaJ numbef lystems 
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Table 2-^Hc%adeciinaI Notation for ASCII Code 



ASCII 



Char, 



ASCII 



artcr 



ASCII 



# 
1 

% 
& 



/ 
0 

1 

2 

3 
4 
% 
6 
7 



< 



oiooooi 

OIMOIO 
OlOOOli 

olooloo 
Oiooioi 
Olooipo 

OiDOlli 
OlOlOOO 
OlOlOOl 
O1O1010 
OlOlOll 

oionoo 
oiouoi 

01011 10 

Oion 11 
ouoooo 
oiioooi 
oiiooio 
oiioou 
oiioioo 
oiioioi 
oiioi io 

OllOl 11 

on 1000 

0111001 
oil 10 10 
oi 11011 

01 lliOO 
0111101 
Ollll 10 
01 111 11 



21 

22 

23 

24 

25 

26 

27 

28 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

38- 

39^ 

3A 

3B 

3C 

3D 

3E 

3F 



A 
B 
C 
D 
E 
F 
G 
H 
1 

J 
K 
L 
M 
N 

P 

Q 

R 

S . 

T 

V 

- V 

w 

X 
V 

I 



lOOOOOO 
lOOOOOl 
lOOOOiO 

looool i 
loooloo 

iOOClOl 
lOOOllO 
lOOQl 1 1 

iooiooo 

10010)1 

lOOiOlO 

iOOlOl 1 

looiioo 

iOOllOl " 
lOOll 10 

lOOliil 

lOlOOOO 
lOlOOOl 
101 00 10" 
' lOlOOll 
101 0100 

loioini 

lOlOl 10 
lOlOl 11 
lOllOOO 
lOllOOl 

lOiioio 

lOliOll 
lOll 100 
1011 101 
lOll 1 10 
iDllIll 



40 
41 

42 
43 
44 
45 

47 
48 
49 
4A 
4B 
4C 
4D 
4E 
4F 
50 
51 
52 
^53 
54 
55 
56 
57 
5fl 
59 
5A 
5B 
5C 
5D 
5£ 
5F 



b 

c 
d 



llOOOOO 
UWOl 
llOOOlO 
llOOO^l 
llOOlOO 

iiooioi 
1 looiio 
iiooin 
iioiood 
iioiooi 
1 loioic 

1 lOlOl 1 
1 101 100 
1101101 

.iioiiio 

1 101 II 1 

1 uoooo 

1 UOOOl 
1 llOOlO 
1 llOOl 1 
1 110100 
1 110101 
1 IIOIIO 
1 11011 1. 

1 nioo^ 
iiiiooi 
1 11 iOio 

llUOll 
1 11 IIQO 
111 1101 
111 lilO 



deciinal 

60 
61 

62 
63 
S4 
65 
S6 
- 67 

m 
m 

6A 
6fi 
6C 
6D 

m 

6F 

70 

7! 

72 

73 

74 

75 

76 

71 

78 

79 

7A 

70 

7C 

7D 

7E 



memory and are actually manipulated. Table 2 pve^ 
the hexadecimal notation for each ASC Hl c ixie 

The arithmetic unit is where the manipulation of 
the data occiirs.jo Whether the jpnginal data wric^ 
figures or words, the binary codes arc manipulated by 
arithmetic or pseudo-arithmetic operations I he on oil 
combinations of the electronic impulHt^ are callrd 
circuit elements and represent tjombinations of the 
baaic logical o^rations AND. OK. andNO IVi' I 
circuit elementii allow binary nuinben^ uj be added 
subtracted, multiplied, divided, andc ompaicd Fig\ire 
2 shovv^ several circuit detnenl^. and the- logual 
operations they represent,'^ 

The instructions or program give deuoled lom 
mands that control the pattern and acqiirncT of \h< 
circuit elements. Thc^c must be explicit to &u- Us\ 

N. V : lniern*Uim*l ftuiines, M^sthiiif^ (:«*rp , Udia Vt*nrsmm 1 ^ '^"^^ H ' ^ ^ 

*s Hayfa *ntl 11*^ ker, fkniihc^ak c^f Data f^iHnmg Jof i.tbfnnn p "i4^» 

n A more cktailfd (Icj^^npntin o( th? ^^-w't' "f>^fAUi,f« >s i» * ■■■ 

^ " ii Figyre 7 is baseil oh Pi^ire UH m iUy^ And Ik^k,. . //u^./^.<A v f' 
' 5 Cos . Ltewi, K nil I)tii by , Ciifnlmdtf afui tht Ubm fy. p ^0 
H Ibid I J 



detail; the computer is not an electronic brain but 
rather an electronic slave. The impact of this detail 
will be discussed in the section on software. 

Four main classic of computer instructioris arc 
. arriedoutby theCPU:»4 

1 Aftthmfic and logical visnu^num. Them instructions 
add numbers together, coniparc patterns of letters 
or riunibcrs, reorganize the coding of characters, 
[Sometimes this das§ is divided into two 
elates, one strictly for arithuictic, and the other 
fui logical operations ] 
^ Fetch and dorf imtnuiujm 1 l.c;^^ mstiuaiuns aic 
used for movinfi informati.in about in the memory 
oi stcjre. 



i 11 M 



t \v liiic l*la!!»». 
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OVERVIEVV or AUTOMA-nON 



J » 



Logi cal 
Equation 



C = A 



C-=B 

(complement of B) 



:C = A -^B 



Djagra m 
C' f(A,B) 



"Truth 

Table 

C« l(A,-B) 
0 

B — - 
1 

0 'A ^ 



r 



1 1 



0 A 1 



ElBctrotitc 
ImplBmintation 

C= 1(4. B) 



A 



B ^ C 

I = I nverter nra NOT Gate 



A 



'OR Gate 



C= A 



Ao~ 

B 0-^ 4 



4NP 



e 












A— 



-2 1 NPUT 



If A M 8i rc M 

Otherwise^ 0 



A— ^ 



It lor 

C -1 

A - - - 



MOT 



A ^ C 



ERIC 



6 



3, Jmmp [or brmnchjl imimCions - Tlcse iasiructioms 
diov the seqiien^cealopcralioristcp var7 accord- 
ing to the databeang cxtomed. 
'4, Injiit Qnd' output tmirtMhm- Th^e instructions aJC 
niscd to fetcl blocfes of inforcTiation into t tic 
tn^mory £ronP input units aaid send inf omatian 
from the^CTenPory to outp^it devices. 
The actual data or codes man=ipiiiateci by the 
arilhin^tic l^gic unin ar^ generally hel-d Ira that 
unit in a register. A register is a semicoD^ucQor devi-^iC 
of clecmi^echaaical flip-flop switcKat^^ holds t&ie 
data.i* the register Is whefe the actual Qperatic^ns m 
tha d3-ta are - perfornfied, such as arxalyang^ shiftir^g, 
aaci p«rfc3rmi3ig aritSimetic on the nuaiibeii in tie 
registea'.^^ UstJall^^ tl^ere are ni^ltiple ffegisters, and 
tHoccan he called aci^nrLulators. A regisCef Nas 3.;^(i)icd - 
siac and Preferred to b/ najiie, not by its locataon m 

Tlie controLutiatir^ theCPU handles the switching 
ari<l flow of tttc irmstructions ^ncl <Jata ia the CP^ imd 
in the cpiiipLater as a vsrhol^. It seta tbe scquericc of 
Operatioiis' decodes insCmctioas, a-nd prOTicias tiic 
coitroJ aignala tD co^prdiCTate the various units of t he 
CQSnpttter^^^ i^t a slmjlistic level the data represent cd 
as a patterri of orm^off electronic im^pulses travel 
tbs^ugh a leria c^f circuili or gates t2iat ^Item the floiv 
artd thus the patCerri^of the impulses. The *^irc^its or 
gates are chosen according to the op^raciDn to be 
p^HortTied. 

The comtrcpfl un it reguUtes the flovv of im pulses a rid 
the setting of the gales in response to che l mm mictions in 
tbc proper or^er. Thw are two main r^gmSers in the 
control iimii: the inscruclion register ancltKHocat ion 
cpunter, The co3itr<^l opcrE^tcs in Cfci^s. rhe ha-^it 
cycl^ are (I D tKc instruction cycle (l-tim^). during 
wtiich the insnruciion re^ster receives th^ ne xt instrt^jf^ 
tion 131 tJie jrograrn from the main rnennor^, chc 
iMtructioJi is interpraied intt^ circuits, ui^d iHrltjK at luii 
counter receives the adclre^ of the ncrr<i instrvjetitJih 
and (2) the e^HecLation cycle ( K tame y duffni^ which the 
iMtructio^iis perf^jrnrT-td^^ 

The imm^ry siur^s n ih^rriuasu!. jcu.^-iw sMitn^Kli 
ars inpiit iinin or de^ebpcd during the- prc-Hrs>-iii^ nf 
data, 30 that it can be fcroijght froaii ^lora r Un ^isr 

^» Jb«J. f> If? 



without i^ing d^troyed.^^ There arc two kir^ds of 
inenior>' or steerage, CHe 1§ rtiain meinory, aJso called 
^vorkitignorage or interixal snorage,- md tlxe other -is 
mass stcrayc or au^ilia^y menicry. 1 

The mai Ji^it^emcry £s dmlj feJated to the ar^lhir^- 
tic a^d cormtroL unitsJlissornetirriaconpidered of 
the ccntrai pr^essing urxit os" rnainfraiTie (^e ^igu 
8). The main ciiemory hoEds tite data manipula-ttid by 
the arithrn^lic unin, Becatnie^f the speed of pr^eAin^^ 
the datairxust be readily available, so they are niq^^^ 
from rria^ stcyirage int o noaiii mamory. "The data ^rid 
instrucliori^ art gi veri unique addr^es^ or- locati6ris. 
The irxstrijctic^aii include the address of the dat^^ to ie 
maiiiptilatcd as nvell as th-c addras .of the fi^^t 
4nstnictior3 . Ttie computed, tlx us, self^directing. Ir^ a 
fe\^ proctors, ar^iihrnetic a.3id logic fcyparations ^re 
peHo^ed flir^ctly ort the da^ta im the r^airt 'metn^iry, 
in"" ^m era! , howevrer, data are rnovad (mm ihe tt\mn 
me^iory tc^ a regisnar i n either the arithmetic and bgic 
upit (fordatp^)or the CD litre*! unit (for instruciidrts). 

The main 3iiernor>^ in mcut current eompiaters is 
made tip c^f na^gnetic cores (s^nall rinp cf a ferromag- 
netic nnateiial] wired together in an array^^ Each core 
^canholdomeWnar7digit — e3theTzeToororLe--by m 
miv^neticsnate^T^i^i^^^nial arieraior^ also is called-t4/e 
core.) 

Tile niatn ry^emory Lsde^cri&ed in two m/s: irx teraTis 
of 3ts addre^^bilL^y a^nd its size. At the low^i teve3 a 
single bin^a^rycode (eit^ier cne or^ero)i§ called a bit. To 
express logica.£ ch^raciers lUcJias a rirumber era letter, 
sev€ra.n bits ar^ gr^up^d i ii a unit called a -A b^'te 
has a f ijced Icngtb depending on the hardware design; 
Rix^bit and eight-bii byt^ are common . THc sniall est 
addressable Li 3iit Ln internal itieniory is called a a/c^rrf. 
Words- Can iraade up of irom one Co eight byw, 
dep^ndinjon the cnar^ufa^tur«r s design. 

The capaci ty D f th e maiii menipiy ise?cpr^ed in 
lenu^H of t^e nnnilcr of addr^essable units it can hp*!d, 
aiher w^dn or bytes. Capa^tics are e?c pressed in 
thousa^nds (IC ); comrnon capacities are 4K, OICJWC, 
aiid :^2K Viih-v the unit add re^aW lily addetl, the 
mt-ruaiT i^ expressed as 4 K ^ords, 1 6K bytes, or :WK 
bytes (which Can k t he S4ime as SIC words i f thewpjdr- 
art-^ 'i tayte^ or -32 b its e^h ). tf^ 

.Aii-^iliitry or itnass ntoTage is usecWo retain laa^ge 
.uivmnis cj data aft^r i hey ^ipe1:onveried into rcia^ 



l5lf1,,S 



, ( j=niuf^ (^htfCs, H?eSi)l jjp ^21 
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chiimc^r«d*ile forTu, TT^^ storage iiitdium Jim vary. 
Tfh^ itoii^ ffia)r be ia mechawiical, electronaCj or 
cni^^tSc i^Ttiu Time standard pur%ch card corf^mon 
oieGlamidal itp^age m^diujn. Hectronic sior-age now 
gen^rall^ lioiitodtostojagiedixrin^ trMspGrtpLtion-, e.g,j 
tcIeGom^unicaliom. ^agljetic scora^ge is most com- 
raori^nd us^ t»p^,dito, dhirjis, or toipfe- 

.f^aii storage da-ta generally piganize^ in fil^. 
Tligs'tis a hiera-TCb^ of data.^i 

Bit a sirig^Jc binajry digit, either O or 1 , 
^/f.v^ group of bits (usuall^^ eight) tha3 repr^^nts a 
chafactar luch a. letter, numb^rj or 



F^\^ chaJ"actcii cotrabiried £nio lo^cal unit^ar data 
cleraaiits. Fiel^ c^n ^ divided into subf/e Ids if 
appropariatc to the int^liectuaX conterxtoff ijie data^ 
For ejc^jnp^c, 
Pield p€ra)n^l n^nie 
Subficld 1— Id^tn^me / 
Siibficld 2 — fir^t name ancd middle ij^aual 
Fiel ds can be cL efin ed toy t.tie pTOgrarriciifcr f ixed- 
length ^^alv*/ays n aiurnber of ch^raccrrs}or vari^ 
abI^-ler3gthL (aa fnany ch^raclers as iiect^aJy to 
cxps-es the logical =unic), . / 

Re€wdr reJateti fields comtoinecd intq a complete, 

logical unit j ' 
Pi^i: li See reconda o )m bin^ for t b < sy^ienn. 
\Omi(i Mse' a grGiip of fi)^ relatpd to a Ry-ijcm 
app3ica£ion* 

recorder of lhe records iii the file ani ihercfopieW 
thif mairn jri emery ievrice is callecJ file c^rgariiza-tioiy 
A^vdlablcmethods o filtjorsart izaiiion incHidc^^ 

. Seqtd£nti£il (^onetmt^ a/Jm^wn) -. The rect>rds c^cur\ 
a linear order leq^uenced usually b^^ 3= coJitroI 
ri^tnber (Figure 3a } T^o ujdatc the faic by addirig or 
dc atBng a record, m new s^qu cnce v*ouid h^ve t o be 
compiladl. For ej(arri)le , deleti jig ^2341 and ad ding 
^2350 v*^ould produce som^thi^g li ke Figu re 3b 

2, LinJitd (ItftJifd m qIIocqU^). The reoordi 6tJ r»Mt 
icur in any ocder on (he file, bixi the addr^ erf the 
next logical refccDrd iS' carried i Ji time recorcl to linft the 
two togrthpr (FEgtirc ^m)-. To ucpda^te t^ic ft le t^y acflding 
or deleti m| record, irae riaed niodify only tli*t adrflr^s 
of tbc rfrat r^coi'd or re^liril the records. Por cxar^ple, 
deleting #2341 aricl addirtg ^2350 w)ul<l pTodiJce a 
fi3^ii3<e tiiat shovvii Ln Ffigiirc 4b. 





Ptjsiiion 




Poiitiaii 


position 


PosiliMi 






1024 


1025 




102? 


1028 








ReconJ 2 


Record 3 


Rscord 4 


Record S 






mob 


mm 


-234 1 ■ 


^1348 


^1356 





FiCi/lE 3*a^ Records bi a iequential file structure 



PulHion 


Pasiiron 


Poiiiion 




Posiiion 




1024 




lok. 


1027 


1028 
















Record i 




Picorci 3 


Record 4 


RecDfri 5 




-2306 






-2350 



















Figure 3*b- LJpciated record sequence 

.,1 : 

I 1 i : J 1 i -1 . = 



/ is; 



FiGUSE 4^ Recordi in a lifiked file stniflura 



3 , ^f^^^s 3 



5 J ..:J3M 



RfCUM 4.b- LJpdated file 

3. Indexed Sequ^iiai^ The record are stored Sequin ^ 
tially in units, or biockSj and the locations of key 
records are entered in an index (Figure 5). This itideJc 
sh^rteris the time required to loc^ta a record, With the 
methods deJcribed abo\re, each record had to be 
scanned or read either to inatch the control nurnb^r or 
to read the addr^ of the link. With index sequaritial 
orgarii^ation the index is scanned by a key, and a 
^inter is given to the area of the file where the record 
is located. The coniputer then reads only thc^ records 
in the unit or range, To ailo\v convemcnt addition oi 
new records J space is lisually left in the file at various 
^ points. On multiplatter disks, the block or unit whet^ 



{ \ 'if 1 

) \'" Ml ih _ I . 



FKjXM 5. Recony lii ai» indt%ed sequential file 
fitrtic*iire 



Lf.S,. vij S^fviof? Commift i<n, B^jrra!=4 «( rrairnr^g M'PV M^iMige^eni Is ainiit^^ i, ^nfci "MariiRfeniefii I nircsjiicilofi {«j Auiamaied Data Dasa,*' WaahingtUn, 
D C , n,d,p. .4 2. ( NirrHe«>gr»[!Nfd-) * 

H*ys Berfker, HQn^koJi qjlhi^ l*r^mung J^ot Ue^isrtf.i^ l> 5"^] 
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the sequenced records are. stored often, is ^ed to the 
cyliinder, or sector, dac of the disk , ' V . ^ 

4. Dimi A€cm- The r^rd is stoM at ahy available 
location and the key , to the record an^d i\s adclFe^ 
(location) are entered in an index [^ig^ff 



FlGtjEl 6. Records a direct access fUe structure 
The illustrations to this point have hein mi^e line^ 
for clarity, but disks are two-ditneiisioriai ; in a random 
fjk.a recor^ could be stored in any pisitiop on any 
track, as illustrated in Figure 7.^^ 



PrisMiti ti 

Record 3 

Recnf (1 ^ 

" / 

Req/fil B 
lecnr d 7 
cor tl 8 



Recijfij a 



19 



70 



21 



U? is 
0/2? 



file "ifrurrur* 

The physical arrangerncn t of ihc d*ua ihr 
medium, the fonn they take, the spcrcl %vjth whit h ihry 

K[ichard|T Kiml)fr,^4u/r3?«rf^iiff» IS ^.i^ar^? <i>siiirii r'i fi?riii,^ Prf%i 



caii be acc^ed, and the storage capacity ail vary, and 
these factors must be conjidered when'' a computer 
configuration Is being a^emblcd, ■ ' S 

Inpul 

In the discu^ions of manipulation and storage of 
data so to, data have been d^cribed ^ being in 
binary (on-off) or machine-rpdable form. A person 
who s^ishm the dat^ to be pr^^ed Ife^gins with 
inforrnation in its ^natural/' originar form, ThJ§ 
iniormation is hiiman»readable and is generally called 
the scurce doc;dment. The information 'mus^ be 
converted to machine-readable form, and this ^tep is 
accomplished via an. input ^evice. Two proc^^ are 
involved: converting the huriian symbol intoco^e and 
converting the cede into electronic impulse. 

Muriierous techniques stfe used* and many piec^ of 
cguipnient are availableySome require a two- or three- 
stage conversion, a©CT others allow direct- input. 
Punched holes in c^rds or paper tdpe are ■*read" by a 
rnachina that allowscurrent to flow wherever there is a 
liole, giving an "on" or -*one'' impulse Magnetic ink is 
used and/"riad'' by machine to produce impulse?. A 
light pel/ can be used to *Vead" a bar code; the lin^ 
arc used/ to produce impulse patterns. Optical charac- 
ter redignition is more complicated, but it is similar toy 
the light pen system. The lin^ of the character arqr 
'*read" onto a matrix and the r^ulting pattern ^s 
compared to a reference table; when a match is made, 
the ir^pulse^s for that character are created. 

A /human symboK a letter or numberi must apnear 
,1^ aft electronic impulse in the binary, on^off scheme of 
the computer. Most input devices allow the pet^n to 
ii^e human symbols and then convert the syrn^ls to 
readable cod^ and ultimately to im^uls^. 
The initial irjput device used is often offline and 
if4e|>erident Standalone), like a keypunch niachine. 
Vixc converted data it produces can be "reiad'' and 
.i4ldtd ttJ the coinpuier storage <\s desired. 
/ 



Output 



J Us t sOii I it: da i a in urn be cu 1 1 verted p . mac h i ne ^ 
fc-ddabk form to be manipuiated by the CPU, so too 
[he processed data must he converted/ to human= 
:,c?risible form to Lk! meaningful to the S)|fetem user. In 
iiMm cases only a portion of the data iij the system is 
ucrdrd at any one time. Tli^ output mi^t be selective, 
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fomiated as required, and expressed in a suitable 
tnedium. The output isalsocaJled a **display.*"26 Most 
displays are visual and in a printed form (although 
cornputers can pr^uce oral r^ponscs). The most 
ccrnnion is the priritout on continuous-form paper, 
printed on a fast* cornputer^drivei^ printer. Photocom- 
positiori is pc^ible as an output. A qamputer tape is 
produced that is fonnate^i and ready to use in an 
automatic ryp^tting machine like the Governmeni 
Printing Office's Linotron. Computer-output micro- 
forms (COM) are also a form of printed display "Soft" 
displays are produced on a cathode- ray tube like a 
television screen. This gwm the u.scr human sensible 
data nnmediately but leaves no pcrnianent record of 
the data. 



\ 



Th# Configuration 

The input, putput, and storage units, tijgeMhrr v^iili 
the central procCTing unil, combine to fnrni thr 
computer hardware system or txsnfigu/aisuri In the' 
literature, systems are dfScnbed m varu^us way's Stiitie 
sources sho^ the entire system as ''ihf computer''; 
others call only the central processing urni the 
cdmputergand all the other devims fK^riphcrals. 1 he 
GPU. encompa^ing the arithtnctic and logic unit, the 
control unit, and main nieniOry, is also callt^ri the 
mainfraine. The block diagrams in Figure H repre?^ent 
sonie comrnon depictions r>f coniputtT ( onfimiratiuii 
However, the computer is " depu trd> the system i=s 
operated by the (TlPtJ. spcrificallv the control unit. 

The connei tion nf thf^e units anil thrn ifit? r fa* iU^ 
Can be very complicated and frivolve b<nh hard ware 
and software control. 'I he sp^ed of upCMaiion of ihe 
se^e ral u n i ts ca n va ry. w 1 1 h i n < ji i e s vs t r rw A i a id i e a d c i 
rnay input 80 char^cicrs of dtitii ai a inuchshivvri latc 
than a tape drive ran read thrni, one piiiuet fiuiv 
print 3(X) linc^ fx^r minute, whilr .inotlirr (!j>f lairh tic 

1250 hnCS pei minute NiltiC devitrs arr faidiri 

removed physically fruin the CIPlJ ihrtii i »i!ir! .uhI ila 
time required for their ehHtrual iiopulscs [a iiavil 
greater Some procs^ing of^rjiti.jfi?* takr hin^ci i[u*n 
othcn. The control 

elements and must scq^envr and nnir thr ui^Milsr,^ 
and events accordingly 

To the human, the sp^cti id {tuA d'U i ^l^ i 
operation^ may ^eem to fx on sunultantNiusIv I his cs 



.purph linker and RfitH-n M H^ypa. fn/nr^iiu-r, ..... A,, 

AimuvrnpuIfT Sftims, p 4, Hayrii and FW< krr, ffuju^S-r'k !%ihi Aev. mn^ fn, { thrit 
CIh«fl« H Davii has prrjmrr*! ,i w*irkNHik fvjw lfi'n}k !■!■ jin*i(T!i!iinHf!^ 



not true» however; the coniputer o^ratcs in a linear, 
one'Step-at-a-tirTie' manner. The CPU instnicts* an 
inpui/DUiput contrDller to read or write informatiDn, 
and the UO controller performs the actual transfer of 
data between* internal memory and the peripheral 
devices. There actually rnay be several I/O controllers 
^ m a system, each suited to a particular class of 
mput /output device. Sometimes the controller is an 
integral part of the input/output device. A buffer is 
often used as part of the interface. It is a means of 
tcnnporarily scorin| data until they are needed, I'he 
buffer storage can be designated as part of the main 
memory or as part of the controller. In all, the 
interface physically connects the units of the configu- 
ration and series to cornpensate for differences in the 
speed of data fl«3w, in the timing of t_he movement of 
data from one device to another, and m the kinds of 
cudes or forrnais involved. 

SOFTWARE- COMPUTER PROGRAMS 

A I or n pu t cr is d i reel ed to manipulate data t h rough 
^ predefined sequences of instructions called programs. 
Ckimputer instmctions at theirmosi fundameniallevel 
are expressed m binary codes and are referred to as the 
m ac h i ne 's 1 a n^.i age . 

Machine language is cxtremdy crude (low seman- 
tic), and It is difficult and timc-consummg to manipu = 
late. Tc> ease the burden of program preparation, 
spccUil prt>grains are provided to allow hurnans to 
express problern solutions in functipnal terms with the 
t>bje*! of ii>nstructing thr rTia«:hine language required 
to implement the prograrn. These special programs are 
tailed a.^ernbler^, compilers, or interpreters, and the 
stateincntj? one c«3des jo express problem solutions are 
tbf^iii.se-lv?-s i_ ailed pro^rainrTiin^ languagt^. Sc>mc pro- 
giamiiu/ii* laiii(tjiigr3> are very (lose tc) thai of i* 
pciic I S own lang^uiige and arc suited for use only 
! hfi t L oinpu tt < I hese are Cdlled a?a;eniblv .Ja^^oag= ^ 
cs t )! t\ r I p r* »^ i £1 r 1 1 ni in g la gu ages a re s t m c t u red t d 
c^prrs^ i% ^Jioblriii'H solution iiihuiuanor near human 
lant<i(t*i<r I hrsf .iir the coiiipilcrs and irnerprctcrs 
are t all? d Hii^h level prograniming langua^ej^, 
COHCIL. FORlUAN. and nASIC: are among the 
[Tit t I oin 1 1 u > n I -y I istnl h 1 h I e v el la ngua ges . H i g b - 1 eve k 
Iani*iiai^M"?i have (he advantages of ease of program 
dc^vciopment a nii nuic hine locle^xMiclent e prx^rarn 
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written in on« of the high-level language may be run 
on any cpinputcr having^ compiler or interpreter lor 
that language. 

In prepsrinf a computer prograni, the objective 
must ba defined and the procedure to accomplish the 
©bjective ^tablished. These items usually are ex= 
prised in a (low dhart, Using the flow chart, the steps 
to be followed to accornplish the objective can be 
expressed graphically. Some procedures are simple 
linear paths (Fjgure 9). 'Some call for branch logic 
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PROCESS 



PROCfcSb 



PROCESS 



uu FPU r 



FIOUEfi % Siriipic Jii3&*i^ IK... .i^. * 



based on decisions (Figure 10). Some require repetitive 
steps, accomplished by using a loop (Figure 1 1 ). 



INPUT 



PROCESS^^ 



PROCESS LOOP 



DECISION 




fVafHF 10, Branched log-ir juiths IliJ^ i lu^i 



PROCESS 



OUTPUT 



FioUBR U. Loop fltow chart 

I he niorc complicated the procedure the more com- 
plex the flovv chart (Figure 12).^^ 

Through a series of flovv charts, each more specific 
and detailed, the procedure finally is reduced to the 
elementary steps m the proper sequence. This final 
flow chart is what is expressed in the terms of the 
prog ramming language. Several routine functions 
mmi be considered wnh. every program; their form 
depends on the conventions of the programming 
language- used. 

Whether it is written \t\ iLsscmbly or high-level 
Ufiguagc, d pirogram ^ must ultmiately be in the 
nuictiine's language ilompuict^ undcretand five typci; 
uf instructions. 

• Input/output instructions 

• Internal data movement instructions 

• Arithmetic instnictions 

• Testing and companson instnjcticjns 

• Jumping or branching instructions. 
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SKIP 




INNER 
LOOP 



OUTEF 
LOOP 
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FiGimE 12. Repetitive loup^ 



The number and ptivvei »*! itu^ti Uv^u?. in i 
category vary significantly fujm one LiHupu. i 
another While one computer may understand 20 
arithmetic instructions, another may understand ijiily 
2. The complete set of InMructions m each catcgury 
plays a major role in the suitabiiity of a cornputei for d 
particular application. 

The basic structure of a compuiti insiriu iiDn i?i as 
shown in Figure 13, The op part of a compuicf 
inBtruction dcfine^i the o|>eration to be perfonncd, and 



^ the addr^(«) part define the mennory location of the 
data to he manipulate. Some operatioris may require 
a single address, and othei^ may require rwo or more. 



AODRtSS (ESI 
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MeiTiOry iotaliQnflf daid to hi manipuli'led 



Op§ra|iQli Id be pyrfotmid 



FrcuiE 13. Basic imjcture of computer iiistruction 
Instruction addr^ei in some coniputers may be 
expr^ed in terms of the sum of rwo or nnore valu^. 
Typically th^ typ^ of addr^s^ cause the content of 
the addr^ portion to be incremented or decremented 
by one or more special machine acciinnulatoi^ called 
index or -general registers. Still other computers 
provide for specification of an addre^ that locate not 
the data to be manipulated but rathes^^e^ddr^ of 
the data. This feature is called an indirect address. 
Thus a computer instruction addr^ may appear as in 
Figure 14. 



i: 



FiGi/aE 14^ Addre^ poijion of a computer instniction 
using the 4ndiredf addreising tediruque 
Some computers have no provision for R or /, and 
othere provide for only one or the other* If neither 
indexing nor indirect addr^jpg h provided, program- 
ming can \x very difficult ind 
In high-level programming 
the computer to index or ind, 
portant to the programmer 
langUiigc requests funttional o 
detailed machine-level instructions 



ges the ability of 
addrt^ is unim- 
use the high-level 
^tio^s rather than 
compiler or 



interpreter produces the code required to perform the 
I equaled functions, based on the capabiliti^ and 
hmitationji of the computer for which it compiles or 
interprets. 

Certain cornputer instructions cause activity that 
rniist be cornmunirated to the program. As an exam- 
ple, a dUta input instruction should comniunicate to 
the program whether or not ar^ error has cKcurred 
during the reading of data. Thus, cnmputcre generally 
maintain a special internal status indicijtor called the 
condition code. Usually the condition code is only four 
bits long, and each bit indicates a special condition 
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bmi&d on the last instruction executed. Table 3 
iUustrates the meaning of the bits of the condition code 
bwcd on repr^entative instructions. 

Table 3--Breakdo%vn of Condition Codes for 
Represcntaiive Instructions 







CondlUon 


Code 




Bit 0 


Bit 1 


Bit 2 


Bit 3 


Input 


End of file 


Error 






0\3tpUt 


End of Media 


Error 






Ck>mpare 


A - B 


A B 


A B 




Add 


R^l! 0 


Rsuh 






Subtract 


Rsult 0 




Rsult - 





In machine-level or assembiy language the condi- 
ih^ft code may be tested fol lowing an instruction, and 
th«e sequence of executing instructions may be altered 

a result. The condition code is not apparent to the 
high-level programmer because the functional state= 
tnents make no specific reference to it. 

Input/Oulput Instructions 

Data are tranHferred between memory and 1 L) 
devices through specially de!Signcd l/C) instniciion.^ 
Machine language and/or assembler language pro- 
grumming can become very difficuii in this area unless 
the progranuner has access to preprogrammed n>u tines 
that perf<3rrn these funttions. Must I/O pruccjiscs 
require that the operatiofi thiiRi^h thr frillovving 
ph^iiies: 

1 . Ready the dcvac 

2. Start the transfer 
Wait for cunipletion 

4 Verify successful transfer 

Unless preprngTammecl rfuiUii^ ?^ au availaljic ihcM, 
processes must be proi^'raninKtj lhc\ tati be nKjrr 
difjficult tt) prrifyrafii act lirairlv iluiii iht sipplu aihni 

specified at a functiuiuil IcvtH (RKAI) WRi I K), 
with the cnrrijjder {>r inteipictcM auUMUiiiu all) pit>diK 
ing the mat hine-lcvel ttKje recjuiit^d fni all phdM^?i of 
the operation 

jlifltarnal Data Movamant lfiatnii.tlQtis 

Data nii^y be riu?veti frum i>n« nuiiu/i) Uxaii*'n i,j 
41 not her. frd^n mernory to rcMihtt/ji, frtnn icgiJiicr:^ to 
ttw mo ry ^ a n d\ f roin re gi s le r in rr gi m t c: r I h c 1 1 > i n pu i e r 
rfiVisE therefore "^have instriRtionH \o jHrforni riith iy|K' 

0 f move m en t , and t li e rn iu h i n v I eve I or ixshv j u h I r 

1 an gu a ge p ro p r a n m i e r m u s i \ k aware (if t hc^c 



With high4eve! language, instructions to transfer 
data to or from registers are not necessary. The 
computer mak^ the transfers autornatically. There- 
fore, high-level language do not ne^ to distinguish 
the^ difference. The high-level language prograni- 
mer need only specify the requirement for a transfer^ 
and the compiler or interpreter will produce the 
machine-level instructions to see that it occui^. Fur- 
thermore, the high-level language programmer need 
not be concerned with the fact that some computers 
must move data a single character or word at a time 
while others may move blocks. Again, the compiler or 
interpreter producer the requisite machine instructional 
as needed. 

Arithmetic Instructions 

Arithmeiic instructions perform addition, subtrac- 
tion, multi plication* division, and at machine levels 
certain other functions such as changing sign or 
shifting. Some computers provide special instructions 
for noaiing-point operations. 

Arithmetic typically is performed in specially de- 
signed accumulators or registers (see above in index- 
ing) but sometimes may be performed in memory. All 
nuxiem computers perform binary arithmetic^ and 
most provide decimatl arithmetic or conversion from 
one form to the other. 

High-level language allow programLmers to define 
[heir own accurnulators upon which arithmetic func- 
tions are to be performed. The compiler or interpreter^ 
will provide the necessary binary- decimal conversion 
machine insiructionj. Further, high-level language 
usually provide statements that define the equation to 
be solved, including sine, cosine^ and square root 
fufictions. The maqhine- level solution to ihme state- 
ments iriay be very complex and may require literally 
duzens qf individual instructions. 

Testing an^ Comparison Instruetlons 

- * . - - ^f^' 

rhe^se insuTJctions are used to establish thd condition 
.i>de reflecting the relationship of one datum to 
another At the machine and assembler levels, pro- 
gramming these instructions would be followed by 
conditional jump or branch instructions that alter th^ 
sequence of program execution based on the settings in 
the condition code.- 

High level languages provide sophisticated toting 
and comparison techniquts, which typically allow the 
programmer to write such statements as IF. THEN, 
and ELSE to express conditional proc:^es. Typicallyj 
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the IF Statements allow construction of AND and OR 
functiom that establish complex relationships to 
determine proci^ing. Such functions require many 
separate inaishmg' or a^mbler-level instructions that 
succ^valy tmx and jump, 

Jumping or Branehlng Instruqtlons 

Juniping^ or branching, instructions are u^d to 
alter, condiuonally or unconditionally, the sequence of 
program cKecM don by the CPU, For example, one may 
foilow an iniitruction to COMPARE with an instruc- 
tion io JUMP IF EQUAL or JUMP IF HIGH.' 
Un^nditional jumps are used to transfer coiitrol 
regardll^^ of th^ setting of the. condition code. 

High^eval language usually provide a GO TO tyf^ 
of inatructiori to perform unconditional change in 
proc^t^ing sequence* but haridle conditional changes 
through IFj THEN, and ELSE instructions. 

Programnmilng Exarnple 

To iHuatmlc the concepts of programming, consider 
the probieni of convertirig a two-digit rnonth number 



compare 
Corte If) 
Ct-Hiyefsiofi 



Yes 



1 



pLjIiIt Muvg (y 

Ctjnversiijn 



I 



^ Miry 



iu utliiviifSUJn 

A I uo 
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(01-12) to a three-character abbreviadon for the 
month (Jan=Dec). Program this function using ma- 
chine, assembly, and high-level language. The lan- 
guage used are not actual but are repr^entative of 
those available. 

Figure 15 is a flow chart of the program in machine 
language terms. Tables 4 aiid 5 give the basic elements 
of this program. The text follovving explains their 
significance. 

Table 4--=Mc^ory Definition 



Content 



001 
006 



056 
061 

063 



OIJAN^ 
02FEB 



- TABLE OF MONTHS 



03 



TWO DIGITS FOR CONVER- 
SION 

OUTPUT OF CONVERSION 



Table 5— Maciiine L^^uage Program Elements 



Insta-uctinn 
Number 


Memory 




Length 


Addrcs5(€s) 


i 


100 


CP 


02 


061 


001 


2 


no 




or 


130 




3 


115 


AO 


200 


107 


4 


125 






100 




3 


130 


MV 


03 


107 


154 


6 


140 


AD 


03 


203 


134 


7 


150 


MV^ 


03 


000 


063 




200 


005 










203 











*CT^ = t 'impart 
JE = JumpifequaJ 

^ Addition ■ 
Jlj ^ Jiirnp untxindiiiyiiaiiy 
M V Move data 

III ihis program, memoiy Ux;ai ions CKJ 1^60 contain 
.1 tiibic of I wo digit months with ihcir three-character 
aUbicvidtioiis Meriiory IfKvitian.b 061 <)62 contain the 
iwu digil code (03) tu be ccMl verted, arid locations 063- 
065 are resen/cd to contain the converted results. The 
iiisliueiioiis begin al localiun 100, and are performed 
iXa follows; 

1 C'onipaic two p<Mitiorts at 061 062 with the data 
ill the address shown (initially 001 ). 

d Jump if equal to location 130, 

Add the three-digit code in locations 200=202 
(005) to the second addnf^ of instruction 1, thus 
tausing the instruction to compare on the next 
c rilry in the month tabl€= 
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4, Un^nditionally jumpio location 100 (the com- 
pare instraction as now modified by instruction 

3. When the appropriate convereion table entry is 
located^ move the second addr^ of instruction 1 
(locations 107^109) to the fioi address in instruc- 
tion 7, Thus instruction 7 is constructed to ^int 
to the month abbreviation table entry. * 

6, Add locations 203--205 (002) to the lim address 
of instruction 7, Thus instruction 7 locates the 
abbreviation. 

7, Move the abbi^viation to locations 063-065. 

Assembly Language Terms 

Table 6 giv^ the elements of this program in 
assanibly language terms. 

/ Table 6^ Assembly Langt^ge Fro^mti Elements 





Symbol 


oP 




i 


TABLE 


DC 


'OijAN' 






DC 


02FEB* 








DEFINK MONTH I AHLK 


2 


INCODE 


DC 


laDEC" 


3 




DC 


_ ' RRSiil T FIRI f ) 




COPE 






4 


LOOP 


CP 


INCODE<3).TABLE 


5 




JE 


FOUND 


6 




AD 


HVE(3).LOOP+? 


7 




JU 


LOOP 


a 


FOUND 


MV 


LOOP + 7(3},LOnp + 4 


9 




AD 


TWO.SAVE + 4 


io 


SAVE 


MV 


0( 3 1.OLrrCODE 


it 


FrVE 


DC 




12 


TWO 


DC 


'002' 



This assembly langiiage program parallels the 
machine language coding required in the firat exam- 
ple* Notice^ however, that the actual memory locations 
of data in the addr^ses need not be coded. Instead, 
assign symbolic names to the data the a^embly 
language prograrn will use to supply the actual 
memory addr^s^. Still, one assembler instruction for 
' each machine instruction must be coded, and only 
instructions that are actually part of the repertoire for 
the computer can be coded. The followiiig explains the 
program: 

L The symbol TABLE assigiicd lu the fust cuti y 
DC (define characters) for the Month 1 able. 
This is followed by eleven other IK Is that 
complete the table. 

2. INCODE is the symbol aligned to the uhaitic 
ters representing the code to be converted. 

3, OUTCODE is the symbol assigned to the result 
field. 



4. LOOP is the syinboiie ttame given to the 
compare instrugtiQn. Note ihm the instrucdon is 
coded using the symboUc mwi^ of the fields it 
acts upon. Al^ note the (2) defining the length 
of the fields to be compared, 

5. JE altera control if the condition code is set to 
EQUAL After the comparton. Note the use of 
the symbolic name FOUND instead of an 
actual memory addr^. 

6. Her^ add 5 to thfe secqndl addr^ of LOOP. 
Th^e instructions paraJI*el Exactly thwe te- 
quired by the computer m the machine lan- 
guage exajnple. However^ the memory addr^- 
m in symbolic terms cm be written, using 
LOOP + 7 to locate th^ positions to be 
incremented and FIVE to t^ate the amount of 
the addition. * 

7. Here return to LOOP for wwtinued searching, 

8. Match the code in INCODE to one in TABLE, 
and move the second addr^ of the compare 
instruction to the first addr^ of the SAVE 
instrucdon. 

9. Add 2 to the addr<^ in SAVE to locate the first 
of the three characters to saved, 

10. Move the abbreviation to tte rmilt area. Note 
that this instruction is filled m by instructions 8 

and 9. 

Ilji2. Tli^e are the numeriic vaJu^ needed to 
perform the additions in instructions 6 and 9, 

High=Lcvel Lani^ge Terms 

Table 7 giv^ the elements of thift program in terms 
of a high-level language. ^ 

Table 7— High-Level Language Progrsun Elements 



1 MONTH 

2 RESULT 

3 Table 



DEFINE '0^' 
DEFINE 
DEFINE (2,31 



MONTH CODE 
RESULT FIELD 



^ MONTH TABLE 



-mm' 

L.tX>KUH MUNTH m TABIJE GIVING RESULT 



Using the high-level language CTO^pt this problem 
I an be solved through functiomUly related statements 
as follows* 

I = Define the month code to be converted, 

2. Define the conversion output location, 

3. Define the conversion table with the characteris- 
tic of two-digit code ^ thrtee^character output. 



4 



1$ 



MINICONffUTERS IN FBDraAL LIBRARIES 



4, Specify the conv^mon by LOOKUP of 
MONTH IN TABtEOiVING RESULT. That 
is, the compiler will produc^ft the code necessary 
to search TABLE and mov« the located abbrevi* 
aiion to RESULT. The candle will ba ^sentially 
that shown In the Machme Terms exaniple. 

OPiRATING MODi * 

In all computer systenm th^ hardware and software 
work together to perform th« functions. However, the 
way they work together can vary. The system can be ^ 
hatch, remote batch, online interactive, or time^shar^ 
The facility can be Mimmd, shared, or time^ 
shared. Th^e conditions all afta the ffnal outcome or 
product, 

D^lcated, Shared, or Tlme-Sharad 

A dedicated facility is one used for only one custorrier 
ajunit. 

A shared facility servt^ more than one customer or 
i^tiit. The computer mmt ba scheduled to meet the 
mrious customers' requirp™nm. The equipment cgn= 
figurationr the software, mti th^ HtM mmt be able to 
meet 4he requirements of aJU u^erB, which can be 
diverse. 

A time-shared facility is ohm a commercial service or 
cxpmpany in busing to 5^erve umn on an equal basis. 
The computer is removed tram the user , and access or 
control is remote. The s^oftwai^^ ver>^ general and 
often nm suited to special applicaijQns. 

Hatch, Rtmott Balch, Online 
Interactive, or Timi^ShwIng 

A batch operation i.s v>riQ^ s^hjch nuniU:! oi 
{transactions to be pnx^^^xl ^^tc accuiuulatcd and 
processed together. U§u^lly they are sorted ii\u> 
^quential order and matched against aflccied files -^^^ 
In most facilities a computer operator iniuaic^ the 
Operation: he call?* up thK- progr^fu. nunints the lapt^ 
tor auxiliary storage, m^ns ihr mput dt-utc aiui 
readies the output d«vice^(s) When pr<Kc^u.g is 
^iomplete, the opcrau^r wrap?^ u|_j the <>f>tnauoii and 
gora on to the next customer's job 

A remote bateh operatis>n is ,i t %*uibhuuu>ii .>i .n.lifu 
and batch prcx-t^sing. The d^ua air gatheud i>ulinc 
^nd held iti a queue; th<^n the pnH tminK of the data us 

Hayra and Busker, //fiwiVwM .)/ /fc^^^ M ' 

»i Ibid , p 664 
15 ibid . pp 241 4 



performed in a batch m^e according to a priority 
schedule. 

In an online operation, the input and output unit& are 
in direct, continuous communication with the central 
proc^ing unit,^* The data are acquired online and 
used in conjunction with direct-acc^ fij^ so that, as a 
transaction is received by the computer, relevant data 
arc retrieved from the fite and proceed, and the 
r^ults are transmitted immediately to the user. Mc^t 
online systems are interactive: the user and the 
computer are in direct conimunicationj and a dialog 
can occur in real time. 

The type of computer operation, the type of 
computer facility, the hardware configuration, and the 
software all are interrelated and each affects the 
others. The entire system must be kept in balance and 
harmony. For example, some input device are inap- 
propriate, for online or interactive operations. Some 
storage device are too slow for online operations. 
Some programming languages are for batch operations 
only. Some operating systems are suit^ for one type of 
procwing only- The structure of the fil^ for batch 
proofing may be inappropriate for online proc^ing. 

In computer operations inch factors as the speed of 
the computer, the size of the storage capacity, the si^e 
of the internal memory, the speed and capabiliti^ of 
the peripheral units, the mode of computer operation, 
and the flcxibiliry^ and sophistication of the software 
should be considered.^ Th^e itemi must be evaluated 
in terms of cost and measured against the objective 
and requirements of the system applications. 

ROLE OF THE COMPUTER 

tx>mputers were developed to do complex numerical 
analyses and computations in the sciendfic and 
engmecring fields Their next application was in 
business and industry for routine proc^ing of data 
involving little sophisticated computation but many 
repetitive operations. The third application was in the 
area of symbol or language manipulation , including 
nacural language, which is based on logical operations, 
rhis area is still ^ing developed, and its potential hm 
not been realized. Heuristic applications are also 
pi^ible, due to a computer's sj^ed and ability to alter 
its stored programs. This type of^application includes 
[he use o! computers to play ch^ and checkers and to 
wriie music and ^try. The final apphcation is in 
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ostmvmyr of AuroMAnoN ^ 

COmjnol Computers arc used to control industrial 
ptm^mm, military systems^ an4 even learning, as in 
Cprciputcr^assisted initruetion. More applications nb 
doubt will be developed as the human imagination 
exf^xids and technology advances. 

*rh^ use of coniputers has tecome pervasive in 
Bmltty and commonplace in daily life. Paychecks, 
b^rtk statements, creditcard bills, form lettere, and 
bulk cnail are computer-produced. Computer termi- 
nals are used in abjorts and hotels to make reserva- 
Uon5, iknd grocery stores and department stores have 
c^h r^Pgister terminals. Names on tax rolls, voting lists, 
K^ijil security lists, census lists, and car registration 
Tji^^s are all in computer files. The electricity in homes 
VH controlled by a computer system, and the telephone 
^ysterri is totally automated, 

l*fi all these cases th^ computer provides accuracy, 
C06i;st^tency, redtiction of ,duplicated efforts, speed, 
coeurol^ cost reductions, mcreased accountabihty, and 
mcim lefficient use of human skills. 

1. Acctiracy. Once data are entered correctly, they 
- r^en^ain eonect-and precise. 'Fhe humt^n errors of 

rcii^typmg, misfiling, misadding, or transposing 
S^ftSters or numbers are eliminated 

2. Cwistengf. The same type of data will be handled 
th'G same way every time. The same logic ih 
applied and the same decisions made every tirije= 

3. Reduction of dupUcated effort. T he data in a comput- 
er can be recorded once in a ma^ster file and 
manipulated and sorted repjeatcdly as required, 

4. Spt'ed.. The speed of the romputer is unctjualled. 
Even output is faster on a computer than nuist 
Sftrnilar kinds of nianual output would be 



' . " \ ' ^ ^ 

5. Cost reduction. In most applications thte ot a 
computer is cost-effective when coitjpared v4Ui 
the cost of the same tasks ^rf orniedv:^att uaily. 

6. ConiroL Because a computer /systert: !?? 'ti|hlly 
ordered by the software, control of thte flow is 
possible, the status of the system is always 
determinable, and exception reporting ia €£^i]y 
accomplished. ' - /' 

'7. Amunlabiiity. ^mme of the way computer pro- 
grams work, the computer can easily cWttt 
operations. Statistic^ are easily gathered^ whtch 
can give managament valuable inforTOttiw Ifcifr'^ 
decisionmaking. i 
8. Efftcimt me of human skills. Because data OUn be 
entered once and used over and over, $$ 
producing addr^ labels for repeated tnailoutif 
iiuman time can be put to more prodviictive use. 
Clerical staff can usually be reduced W mm^ 
Signed to new tasks. 
Yet computers are not a cure-ay for, the Ul^j^of th«e 
world. The computer is only as smart as its ^#gf;^n^ 
irier. CXitput data are only as valid as the input^at^ 
the expre^on is *" garbage in, garbage ou^ Art 
operation can be paralyzed if equipment brcate of a 
system gcte down and backup is not availabk. Sysii'ftm^ 
can be misapplied; software designed for one purpoae 
is sometimes used for another purpose, with t\m mHiiit 
uf a mismatch of requirements and re^sults, UlliftiiaT^yi 
the computer is as eifective as the human beings who 
manage it. " , 
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tatalog, the rules and schemes applied to the materials 
and catalog, ^and semc^ to the users? Swihart and 
Hcfley conclude that ^'automation is of mc^t value and 
is applied primarily to [librao^ administration],*^ / 

Hayes and Becker place computer applications in 
librari^ into three categories! clerical functions, 
information storage and retrieval, ajic^ operations 
research, 5 Gomputei^ can be applied to the routine 
clerical functions of technical proc^sing and circula- 
tion work to reduce the clerical burden and increase 
the library's ability to perform more work. Cofnputers 
are appli^ to reference work in the field of /mforma- 
tion storage, ^nd retrieval. At the most c6mplex level 
"the objective is to develop new methods for automati- 
cally aiding various intellectual proc^^, juch as 
extracting^ meaning ironp text and correlating facts or 
inferring subject relationships from ^ the cbmplete 
content of articles and bodks.'' The areas of operations 
r^arch and systems analysis require the use of "the 
computer as an aid in using the principles of scientific 
management in library administration** through pro- 
vision of mathematical models and computer simula- 
tion. M 

Heiliger and Henderson see the library as not one 
system, but three.^ 

K Technical processes am teoncerned directly with the 
acquisition of library materials and their catalog- 
ing, preparation for later use, and reference to 
the accumulated holding. ^ * 
2. Conlroi processes are applied to the libraiy 's re* 
sources and to the handling of library materials 
and the processing of data about them, such as 
circulation, inventory, and work control informa- 
tion. 

* 'N. S. M, Cox, J, D, Dewi, ind J, L. Dolby, The Comfmief ntid ihf Lihm)y,' The Rdi of the Computer m Uii OTgahUaUm and Hai^^^ (Nel^C4itIc 
upon Tyncj Engi : Uniycnity of NewoLaU^ ^ . * 

» Ibid, p. I L 

3 IWd.,p, i5. ^ 

* Stanley J. Swihvt^nd Eifyl F, Hcfley, Csmpdef Syskms in Uie Libfafy: A Hand^^ok for K^^ II- 
15. ^ ' ^ j 

^ Rebert M. Hayta «nd Jsaeph feeker, //ani/6oe^ of Data Prummgf&r Lxhmnti, 2d ed. (Lm Anfcls; Meldlle Publishing^., 1974), pp. 5^. " 
' F^iward Heiliger ind Pauf B. Henderson, J/,, Libfafy Autnmatim: Ktpfnenef, AUth(xiobgy^ and Tethmlogyofjht Libra^ as an Infomation Sjstem (Nfcw Vfirk: McGraw- 
HjllOuokCo . 1971), pp. 7=13/ • ^ ^ 



Like other segments of society, libraries have u^d 
computers in a number of ways, In general, though, 
full utJliisation of automation in librari^ is yet to come* 
The question of how to apply computers to the 
functions of a library is answer^ differently by various 
writers. Usually, though, the traditiona! division of the 
Ijbrary ^into public servict^, technical services, and 
administration is replaced by new arrangements of 
rol^. V 

Cox, Dews, and Dolby classify library activities as 
acquisition^ processings and dissemination.^ The library 
p^acqiiir^ materials, prpce^^ them tp reveal a^much as 
^po^ible of the information they contain, and then 
mak^ the information available to those who need itj 
and even to some who never knew they needed it. The 
major cffott involved is in handling the records of the 
materials rather than the njaterials themselves, and 
there^are many different records for each item.® "Thd 
functioning of the library depends on the s^edy and 
^efficient handling of these records =- thmv creation, 
consultation, amendment and updat^|^'*3 which 
creates an enormous data handling problem and one 
that is welUsui|ed for computer application, 

Swihart and Hefley recognize three main areas of 
library; o^rations: library administratiqn, library 
management, and^ library science,^ Library adminis- 
tration encompasses acquisition, cataloging, and circu- 
lation. Libraiy management -involve the staff ing, 
budget, and reporting aspects of acquisitioftv catalog- 
ing, and circulation, as well as the other areas of the 
library. Libirary sciehce involves the materialSi the 
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MINICOMPirimS IN FEDERAL LIBRARIES 



HISTORY OF COMPUTiRS IN * 
LIBRARIES 

In 1962 a Ntudy was made of the potential, of 
applying advanced data procc^ing in a university 
library, It was noted that^^ * 
macbme technique have been applied succ^fuUy to a number of 
d^ta handlihg and service problems that appear similar to those 
found in librariirand It seems worthwhile to study the potential 
of routinei that may suitably be applied to libraries, 

The study concluded that ' ^ 

the speed, of ^mputers and die wide range of routinei that they 
can handle offer po^bijiti^ for alleviating the pr^urs of. 
^rsonnel shortage and turnover, of increhsed volume of invento- 
ry and us^ activity, and of demand for more up to-date records. 

In general this rationale explains why libraries 
become Involved in automation. Many libraries had 
their flat ex^rienc^ with automation in the fctfrn of 
the" payroll, peradnnel, and' budget control systems 
used by their parcint organizations. Even today these 
business applications are the only comput.er us^ found 
Innlany libmries. 

There M^as little library automation before the 1960s. 
Until then libraries used ADP ^automated data 
processing) equipment such as punch card readers, 
sorters, and collators. This approach was used in a 
dibrary by Ralph Shaw as early m 1948. A survey of 
\Fecieferjibraries showed onjy five automated systems 
/in operation in I960 or before.^^ The survey, through 
1970, showed applications throughout the library^ 
Table 8 lists these applications and the numbers of 
libraries using computers to serve them.*-^ 

A 1971 survey of all types of libraries (academici 
/ public, school, special, State, and Federal) also showed 
applications throughout the library (Table 9). > V 

Markuson and her collaboratore evaluated the two 
surveys and conclyded,^^ 

...moat largc-scaJe library automation activiti^ occur in an 
envimnment that has relatively sophisticated computer equip- 
ment and a fairly large and active computing center, and is partly 
oriented towards r^arch aetivity. 

Th^e conditions occurred most often in academic 
libraries and in Federal technical libraries. In these 
facilities, computers were already on hand and in use 

libran' pr™ are toUilly fesrrycmr^J bascj on rompuicr cffldcn.y requirement.; ^ iJyn^mic Inforrmum I,bm^ Proc.n,ng 0^^^^ NJ.. Prenhc^ 

"'";S^^B;Ve.nerJ'MajorD«i.l^ 

' Umi, / Schuhheii. Don rulbcrt3oru and Kdward.M, Helligrf. Admm.d Dam Pro^mmg m th, Unwefnfy Ubrary (New York, ScAre^mw Fr^s, p 

n "^^.^ M.rku^n et .1. a.d.i... M /.^^.^ vf^™^^". M F.H.nl an, CM. L.,r^. (S.nt. U^. Calif. Sy^er. Development 

Gorporarbnj i!>72)»p- 154, 

i* Ibid. p. 153. ^ ■ ' ' 

, H Ibid . p. 32a* 

»a Ibid., p, m ' " ■ ^ 



3: Admmistraiwi pmmes arc- tom^^ With the 
organizational structure of the library and its 
operations; the main emphasis is on providing 
quick and accurate acce^ to basic records and 
statistics for sound decisionmaking. 
They further suggest that the organization of the 
library reflect tht^ systems! a professional services 
department, a data services department, and an 
administrative services department, as well as a liaisori^ 
services department to reach the dibrary^s public more 
effectively. They propose that if computer applications 
would follow this new pattern of functidns atid services, 
automatipn could be used to better advantage,^ 

The essence of all these approaches is that a library 
ihould not use a computer simply to automate an 
existing manual system. The library must look beyond 
tradition and <?cpand its thinking to take best advan- 
tage of automation.^ / , 

Tliis leads to the question: Why do 'libraries 
automate? Allen 'Veaner wrote that thefe are three 
major practicaj reason* for automating library func- 
tions:^ *, ^ 

1, ,To do something less expenHivcly, more accu-' 

rately, or more rapidly J 

2, To do something that can no longer \^ done 
eWectivel)^ in the manuaj systems because of 
increased complexity or overwhelming volume of 

' operations; 

3, To perform some function that cannot now be 
performed in the manual system ™ grovidmg 

i always that the administrator actually "'wants to * 
perform the service, has the resources to, pay for 
it, and is not endangering, the performance of 
existing services for which there is an established 
demand. , 
The ultimate goal of all automation in the library 
should be, directly or indirectly, to improve the service 
, supplied to the library user. 
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Table fl^Aulbmiitlon Applications In 
Fedend LJbrariei 



AppUcatlorii 


UbmHei 


Number of 
Operational 
Syiteini 


Acquisitions : ^ 


10 




rCataloginf 


32 


. 27 


CImilatton , 


10 


13 


ScriaU 


31 


25 


Informatioii Reideval 


18 


14 


Bibtiograpiiic FublicatiQ^ 


,13 


10 


Selective Dtstemination of 






Infarnyiiion , 


12 




Abitracting ahd Indd^cing 


4 ' 


3 


IndeX^ to Special Gollections 


D 


6 


Other 


3 


3 



Total Librarioi -— 59 Total operational systems 115 

Tailc 9^Autoniatipn Applications in 
All Types df Libraries 



Application^ ' ^ , 


Total 


Aoquisttions % 


. 129 


CauJoging 


104 


Circulation ^ 


149 


Serials 


169 


Administration and Maiiagement 


39 


AbBtracting and Indexing 


23 


Bibliography and Special Cataloging. 


07 


Diaemi nation 


40 


Information Retrieval 


34^ 



for suppoSof the research efforts generally sophisti- 
cated applications in science and engineering. The 
r^earch environment fostered a parent group recep- 
Hj^c to the use of technology, The library thUs had to ^ 
serve sophisticated ^ demanding Users, An additionar 
factor contributing to the favorable conditions was the 
inf fusion of funds for scientific Research ii^the 1960s ™ " 
much more than was available foe the humanities or 
public service activities. 

It should be pointed out that much of ihe early 
library automation was in nohtraditional areaSj that is, 
other than acquisitions^ cataloging, and circulation of 
books and periodicals. In fact more than one- third of 
the operational systems in Federal libraries, as, report^ 
ed by Markuson, were classed as information retrieval, 
bibliographic publications^ selective dissemination of ^ 



information, abstracfing and iridcxingj and Indexes to 
special collections, These systems dealt mainly with 
nonbook materiala such as "research and development 
reports; Journal articles; patents; trade, literaturei 
including catalogs; laboratory hotc^ooks; pictures and 
photographs; maps; fcprints; ^ archival itema; and 
technical correspondence." ^^^> Many of these early . 
efforts were performed in documentation centers or 
information centers^ not libraries. The techniques used 
were thc^ of documentation and rndcxing rather than 
cataloging. The two important standardised develop- 
menta in this area were (I) the ASTIA/DDC thesau- 
rus of. descriptoi^ and (2) the COS ATI standard for 
document description. 

Library automatlbtfi underwent evolutionary re» 
search and development^i^ Standard business systems 
could not be applied wholesale to the library; special 
software had to be created. Compter personnel had 
more experience in areas such as book ordering and 
fund control^ btit librarians were more" inter^ted in 
automating circulation , serials eontrolj and catalog- 
ing,^® A substantial learning period was required 
before much progress could occur; Standard input and 
output peripherals were often inadequate to handle 
the library's data. For example, they lacked uppfer- 
and lower-case charactei^; and diacritical niarks. 
Equipment had to be adapted and new technology 
developed in sonie cases, e.g., the American Library 
Association (ALA) print train. 

In m(^t of the earli^t efforts each library worked 
independently to develop its systems. *Redurtdant effort 
and incompatibility resulted. 

SeveraL developments helped advance library auto- 
mation efforts:'^ (1) The organisation of such groups 
as the Council on Library Resources, the Office, of 
Science Information Service of the National Science 
Foundation, and the Committee on Scientific and 
Technical Information^ (2) appropriations from major 
Federal library legislation; (3) formation of such 
associations as the Information Science afkd Automa- 
. tion Division of the American Society fpr Infonnation 
Science; (4) development of the Library of Gongress 
MARC II Communications Format for bibliographic 
data and the National Library of Medicine's MED- 



Lucille J. Strius, Irene Si rieby, and Alberta L. Rmv/n^Sctmci arid Tethmcaf Lib fan/s;''niflr Org InieRcicncc Publishers, 

John WileyA.^ns, f964), p. 17L ^ 

Allen B: Veaner, "Pen^tive; Review of I ^M^^ 1 973 in Library Automalion," in Librafy AiaamalwfL Thi Sl&U of thi Art //, cd^. Susan Martin antl Brett Butler, 
papers prcaented at the Precon/ercnce Institute oh Library Automstiun sponsored by the Information Science and Automation DivTsidh of the American Library 
Asociaiipn at Vega3i Nevada/22-23 June I97J (Chicago ^ o 

Hciliger and Hendfraons /,<6raf> HM/af7Kji}on, pp. ! 3- , 

Hayca and Becker, Hafldb^k of Data Pmctiung/nt Libtfirifs^ pp. 2B-71 



n 



LARS. Theaa developments focused attention on 
librat^,* automation, pl^moted new cfforUi nriadc 
existing efforts more viaiWe, CKpo§ed more librarians to 
autdmatibn and cducitcd them in its useSj and 
provided the jfiethods artd funds to allow more 
iibrari^ to participate in automation. , 

The single development with the mmi Impact on 
library autotnatioA is the MARC II format. The 
MARC format is a standard, and standardiEation^is 
the key to future advance. 1 ' 

Without a itAndiirdiEed format for the trammiiBion ofjbiblio- 
pmphie dAtAi %vc might mi exactly be no place ia I library 
automatiDn» but we would certainly all be riding oft in duferent 
directioni^ diMipiting our rqpurcoi, and enjoying nol the nmot 
poaibiiity of- interchanging bibliograpMc data or buildJ 
' worki.^ i . ' ' . \- ' ■ 

MARC pllows full expression of the nature e 
bibliographic entity being described and is struc 
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so that full accw is possible. The tag itructt:r^ is 
deigned , for maximum flexibility and allos^ each 
libr^ to manipulate bibliographic data jus it chopra. 

The avanabillty of Library of Congress catftlogmg in 
MARC format through the distribution system Aias >^ 
caused mdr^ libraries to accept Library of Con^e^ 
cataloging and reduced the amount of duplicated 
effort in librSiei thi-bu^hout the tfnited States. Tl^lia 
level of effort nectary to convert catalog data ijto 
machine'readable form has been reduced. The av^iU 
ability of Ubraiy cataloging in MARC format has 
made it incuml^nt on most librari^ to have their 
computer systems designed to handle the !v|ARC 
'format/ This brings about more compatibility among 
computer systems, at least as a means of sharing data, 
and it ailows greater cooperation among libraries. 

Acquisitions has a standard — the International 
Standard Book Number (ISBN). The ISBN is not m 
well developed and vs^idely implemented as MARC \ 
ajid, likewise^ automation in the acquisitions area is 
not as well developed as in cataloging, 

CURRENT iVOLVING TEeHNpLOGY^ 

The last 4 or 5 years have greatly advanced library 
automation.^* Gomputer hardware nowl>featuras 
greater speed and storage capacity. More sof^isticated 
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operating and management systems allow morcs effi- 
cient use of the atorage and CPU. Online data 
processing is widespread, and ni^ltiprocessing is com- 
mon, Advanced and cconornicaj telecommunic^iions 
technique have been dbvcloped, Output printers now 
can be equipped with a special print font for upper'^ 
and lower»case characters and diacritical marks. 
GomputeWoutput^ microfilm (COM) equipment to 
handle upper- and lower-case cfiaracters is available 
from more sdurcesp Reliable^ economical CRT tdrmi- 
nals that can handle the idi^yncraciesof librai7 data 
are available. Light-pen and optical-character^reoDg- - 
nition technologii^ have been refined. For the library 
these advance mean morf efficient ^and economicaf 
automated services, ? , 

In a state-of-the-art review of library automation, 
Diana Delanoy identified fojir trends of the I970s.^^ * 

L Minicomputei^ for library applications aa turn- 
key systems ' 

2. Cooperative pf oc^ing using networks 

3. Online large-file searching of major biblio- 

T graphic fite ^' < 

4. Packaged software for library applications. 

Mlnloompultrs ^ 

Minicomputers are used in librari^ in the fbrm of 
both turnkey and custom-designed systems. This book ^ 
cKpre^es the importance of minicomputers to the j/ 
trend toward library automation. Subsequent sections 
will detail the uses of minicbmputei^ in libraries; . 

Cooperatlva Proaesslng 

The network approach to processing has been tried 
by academic librari^ and by StAte and regional 
organizations. The end of the 1960s saw the formation 
of the Colorado Academic Libraries Book Prpc^ing \ 
Center, the New England Library Information Net- 
work (NELINET), and the State of Washington-s 
automated State library system. These networks were 
developed with economy in mind to allow greater 
numbers of librari^ to benefit from the resource. 
Development and operating costs of the networks can 
be divided among all participants, and libraries that 



^ VMner ''PenB^tivc: Review of UbraryAutomaUon*" p=V= , , * i , ^ j -™ 

. a >Ser'* took. 

tr^itiSTtS. wbi^f (ChiUie. Umv.,.ity of Chicag^™. I9?3)^ To review ihs more ™nt hiitory of hbfa^utoft^uon. «fer t^e last ^ 

AnAmg^ Bmemthf s/Ayiamatisn m Libtams md Infgrjmimn SysUfm 1972-1975 { London: Ashb. 1976), ^ kM ^' a n«» duUr 

AnJim^mm ^gmpn^ r . . Jif^nt Sutm ind Trends in Compuien/M 



.Den^^mi ai'the Pr^nSini In^thute on Library Autdmatlon .pjmored by the Information Science and AutomationDi^n of the A^^ 
^U^Ui\^,^^a. 22^23 Jun. 1973 (ChiLgo: Ame^iean LibVaiy ^iallon. 1975). pp. ^23. See al.0 Robert DeGeimaroifour m^m of 
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could not afford ihcir own systems now have acccM to 
the speed and efficiency of auComatcd systems. 

The early network di^ not all iuccecd. Some laatcd 
only by changing course along the way. The sucqe.^ 61 
the Ohio College Library Center (OCLC) was the 
single most important factor that C|tablishcd the 
feasibility of networks. The rfeasons for its success can 
, be debated, 2^ Factors mentioned include the dynamic 
personality of FMerick Kilgour, the "lather'* of 
OCLC, The jnitial participation of top administratoi^ 
of the organizations whose jibraries were to be involved 
had an effi^t. Other reasons cited arc that standard 
products and procedures were provided with few 
individual user choicai and that outside funds and 
grants were infused at propitious tim^pQCLC mono- 
graphic cataloging services are well ^tablished, and 
serials cataloging services arc being implemented, 
Acquilitions and serials control services have been 
studied but are not yet underway. 

Onlirid Files 

i> ■ ■ ■ ■ ,1. 

Online large-file searching of major bibliographic 
fil^ is available to almost all libraries. Tlie develop? 
ment of this techrtology depcrided on several factors.^f 
' Important hardware deyeloprtients inclyde the onli^Cj 
.time-sharing; third-generatibn computer, expanded 
direct acce^ storage capacity , acoustical cpupleiy for 
reliable direct-di.^tance-dial tel<gphone Lcohnections, 
and cable and microwave donfmuni cations foD4rans- 
mitting data over great distajfic^.' Import ant ^dftwar^ 
developments are in the area qf natural Janguage 
(nonnumerical) processings a^$ 'Well a5 techniques. The 
availability of large mac|iine-readable/data bas^ 
driginally built to support publication efforts was vital. 
Commercials service bureau telecommuniq.ation sys^ 
terns such TYMSHAKE ^and Telenet made* access 
available by telephone Jines with local or nearby long- 
distance charges; the'leasing of costly dedicated lin^ 
became unnec^sary. : . ^ 

The fadtor drawing Jhese elements together is the 
commercial intervention of such firms as Systems 



Development ^rpor^tion ^d LocWiced in making 
multiple' data bases availaUle through one tenninal 
and pne hookup; The competition among th^ 
commercial services ha*l kapt prices within reach ol 
almost any libraty with'a teiminaM® 

Packagod Softwaroj 

^rhere still is not much ofeckaged software for library 
applications, Tlie prttendb of anyj howevferj is a step 
forward, Previouslyp each/libraiy had to bear all of its ' 
own development cc^ts. "rt^ansferring software between 
libraries hais occurred^ /but not without pt^blems. 
Programs developed by manufacturers and made 
available to other customers have been uscdj but again 
without v^d^pread succ^, An example is the Systbtri 
7 software developed by IBM fori^a circulation system 



that is available aa 
(FDP).^^ In m^t 
required for the nndij 
ware develo^d 'for ti 
in the public dom^ 
ex 

COSMIC.^8 Cplhme] 
m for lease or sale, 



Field Developed Program 
ii' additional programming is 
Idual library application. Soft- 
Federal gbvemment, and thus 
, is available at no cost. For 
ibraiy package is available from 
ial firms offer software package 
Bladcwell North America has 



library proce^ing sb tware that can be purchased, as 
do Baker and Ta> lOr and S)^terns Development 
Corporation, with the ir acquisitions modules. 

Commarclal Se rvlees 



" Cl^ly related to 
for libraries is the 
commercial firms u) 



the packaged software available 
^ number;,vof software package 
to aupport the library service 
they selL Most gf^h^ majojr library jobbers and book 
whol^lers hp<e acc«s to the MARC tapes ind sell 
computer-pfo^pced ^:atalog card sets v^Hth overtyped 
headinp, spine labe s, and circulation book cards at 
rp&nable pric^, ge ierally Itts than SI per tide! The 
smaltet library thus can benefit from library automa-' 
t(og. A set of carA ordared from the Library of 
Congre^ currently cmts $>45 for eight unit cards 
(which may or may lot be enough)j all of which must 



- sp<^h given at the UCLA Conferena 



ef L^rsfy A uismatim 8 (^ptcm^r 1 975) :J J 5-€. 
en Informatign SygtenB and^Netwerki, 2?-^ 



^3 Brett But|^ prracnied his ^evvs on the rea^ns of CXJLCl's succ^ in "Suie of the Nauon ia Net^wrking, 
^* De €3enaufp, "Library Autonutipn/' IBL ' 

Jeacph lacker. "A, Brief History of On-Line Bibliographic Syatemii, 
^March 1974. 

^ Delaney, "Technology j** p, 22. ' I ^ T 

Lfiis M. Kenhricrj^ "Managefr^nt Aspectj of the Use of the IBM Syiteni/7 in Circulalion Cqntroh" in Applismms of hiinUmfmttti to Librn^ and Rtiakd Pr^ms, 
ed. Wilfrid I.anfAMer. paperi.pre^nted s^i the 1974 Clinic on Library Applicationj of Daia Pttrasing, 28 April to L May 1974 (Urhana-Champaigfi. \\\.\ 
Univeriity of tllinoiii, Graduate HchiKil of Library Sci^n^^ ' , / 

Grantj were given to tvyti tibrarita for autornation projects to be d^ifned for tramfef to other iibrariQ, sp^lfically the IJnivefrify of Chicago iyitem and the 
Univefiity of Mi nnsola Bio- Medio* I Library syslem, f^k^ / ' . 

^ David L. Weisbrod, "Acquisitions Syatemi: 1973 Applications Statas^'Mn Li^mo-i^u/^moiiW 7^ 
presented at the Preconference Inatitute on Library Automation spon^red by the Information Seience and Autottiation Ovision of the American Ubrary AiiQciadon 
at Vegas* Nevada, 22 June \9TS (Ghieago: American Library A.^^iation, 1975), p. 9' 
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have file hcadinp added, entiling the dffort of typing 
and prMfrcading* each. A little figuring shows the 
saving from the commercial Bets, Ad^iitipnal library 
^utdm^ted se^lces from commercial s^ndors arc the 
book and COM catalogs. Several vendors, Buch as 
Science Pre^, Use MARC tapes for input to computer- 
pft)duccd catalogs. The input keying required is 
decreed, saving time and effort, 

Computer-Output Mieroform 

Qomputer-output microform (COM) is growing in 
importahce in libraries.30 COM is a Ghcaj^r, faster 
substitute for computer hardcopy cmtput. COM cata- 
lop are replacing card catalogs and book catalop.^' 
Elimination of binding and printing costs and of 
pr^uction turnaround' tirtie makes COM attractive 
and cost-effective compared to book cat'alop, even 
considering the initial cost of purchasing viewers. The 
availability of COM with^ upper- and lower-case 
characters, bold and light ftc^, and;altcrnate fonts 
such as italics has improved the quality of the image 
and made users more satisfied. COM reports are used 
in circuladon systeriis and in acquisitions systems (for 
" steff use where operations are batch or where perma- 
nent copy is needed for archivalpurpos^).32 

- ■ . * 

Tolecommuriieatlons 

The latest technology in library automation is 
telecommunications.^^ Mention has been made of this 
teJchnology in teKhs of networks and online data base 
searching, for it Is a major component of each. Byt 
telecommunications are developing to a point where 
further library applications are possible. Means of 
sending data efficiently ancj effectively are l^ing 
developed . all the time,^;* Computer data can be sent 



over voice-grade telephone lincs^ Commercial vendors 
arc entering the ficldt and the Resulting competition 
speeds ^dvatxces in technology* improves services, and 
lowers prices. Microwave transmiBsion and communi- 
cations satellites, as well as cable television, are in use. 
What does this mean for llbrarica? For many 
libraries, the tckphone is the sqle method of rammunl- 
cations. Some librarl^ within the framework of larger 
systems have Teletype terminals for interlibrary loan 
transactions; For eKample, some States link academic 
librarie-s and State Hbrari^ via Teletype lin^. OCLG 
studies of uses of its termirtals inpicale heavy um of the 
data base as a finding tool pr union catalog for 
irtterlibrary loan searching. This connection among 
libraries will grow strorigen^S The eharingof r^urces 
by facsimile transmission is inevilable^^due to increaa^ 
ing production of information (the so-called informa- 
tion axplosion) and dccreasingf funds for liberies. 
Faasimile transmission equipment has been t^ted in 
librarie^sbut its use has been limited by its costs and the 
small number of libraries witH the needed equip- 
■ ment.^^^ j 

FUTURE APPUCATIONSLOF 



NETWORKS IN LIBRARI 



It someone walked up to you on the rtrfet and ask^ "Whftt's 
happening in library automation todayP'i and you were limited to 
a one-word answerp your r^ponse wo^ld probably be NET- 
WdRKS 3s I 
The word '^network" means different thinp to 
different people. By its most basic d|finitionj a network 
is "an interconnected or interrelatejd group of nod^,*' 
where a node is "an end point d^f any branch of a 
rtetwork, or a juncti^ commbnl to two or more 
branches of a network."3^ It can |je disciplinary or 



prbbiem-oriented or 



serve a general function, A 



3d t . rnM F^fer td a ho*.k ,uch ail Robert F. Gildenbarg. Comtnd^r.Ouifiui^Mimfiim Syitmi (Loi Aniels- Mdvilk Pyblishin^ Co., 1974). 

" T Icf^ Sn^^- TO ^i^Sr^utu. - iH Au^iJneSi.il^tk,AH!!. ed.. Susan K. M.rtin and Br.t BuUer^aper. primed 

.pon--i by the lLrn,..ion Science and Autpm.Uon Division of U.e American Ltory A^.uon . U.^ 
Vegaj Nevada/22=23 June 1973 (ahkagoi Amen™ ' 1' 

AmepicanSociety for Information Science J n?.^^ . 1 

'i SSn;d^l2£* pp. f^4, di«:„s, ,he c„„«p„ of library network applicmion, .„d inform^lon n.^ork applicions u 

two appreachs for connecnon among iibrariea, 

" ^^.^rlp-ed . chapter ,u ,hi, ,uhi«, : "Ch.p,., 4, Sh,T«i Re«,«rc„, ..h.M.Kopying, and Faaimile Tr»njmi«io„," pp. 30.50. in Fu«l„. fl„.««^ Uirar,. «rf 

Li br a ry Scie nee , 1 37 J ). 



afy science, i'j/j;. _ . m^As in a 
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cornputer network, which is the nuiin interest of this 
book, h **an intcrcbnncctiqn of asscniblles of computer 
systems, terminal, and communicatloiU fadlitlrs/'*^' 
It consists of links and nodc^ arraifgcd in a given 
topology. At the simplest level a computer ncitwork 
may consist of a point'to-^int cofiuecllon of a host 
computer and a siiiglc communicatiOhs input /out put 
(device* At the other end of the stale of complexity, a 
■computer network can be inkde up of an interconnect- 
group of computers, including pr^cssing systems 
(hc^t^ or main-site, computers and remote computers), 
commtmications cx^ntro! systenis (e,gv data concentra- 
torah Ullage switchers, and front-end proceH.kjrs), and 
a ylariety of remote terminals and the transmission 
channels that connect the components.'* * 

In\^encraJ, networks can be said to provide a means 
for resource sharing that increases economy and 
converiience. Variousr kinds of resource sharing are, 
po^iblc.42 

Divice sharing. The ability to connect to and use tHe 
re^urdcs of a remotely iDcated computing dqvice as 
if it were local, 

File sharing. The abihty to read from, write to, or 
uf^^te files on a remotely located computing system 
as if it^were local. - 
program sharing. The ability to send a loadabln 
program to a remotely located computing system to 
be loaded and executed by that systfem. 
Program dal^ sharing, The ability to open a data path 
between programs on an interactive basiSj so that 
large tasks may be divided into smaller units for 
execution at different computer sites in the network. 

Communications 

T^e basis of any computer network is the communi- 
cations link that allows interconnection between 
remote points. Networks have eme^^gcd as communica- 
tions technology and conjputer technology have be-, 
come integrated.'*-^ A computer network requires 
communications technology to function, and a data 
conimunications network uses computers to control its 

^ A.],N^Mm^nt\,A^utiifto Nftworking 7>mimala^ ( W.xsli i n gtn n , H . (- 1 i U . 8 . , t ^ pa rtme n Uj f C<j mme rce ^ N a { 1 o n at Hu rcau of S t a nd a rd? ^ 1 9 74 ) , p, 7 . ' 

Ibid., p. hi J ' 

*3 Bmidm the ^ay? on communjcfations technology (sec reference number Xi above), ARIST pT^nted two rsmy^ on computer technolo^; all four provide 
background on ihis subject; Harry D. f I us key, "f kmiputer ■rechnnlogyi'' in Anntini Rei>ifii> of Infiyimalm Scimci and THknubgy, vrjL 5, tdh. Catlos A. Cuadra and Ami W. 
Luke (Chicago; Encyclopaedia Rritannicai 1970), pp. ?:l^flrj, and Philip L Ix>ng, "CVimputer recKno|ogy=An Updm^' m Amml RtviiwoJ Infemation Sci^^^ 
Ttchioio^, voL j l^ed, Martha E. Williains (Wiwhingtnni DXl.i Anicplcan HrKrieiy for Inftirrn^itlon Science, 1976), pp. 21 1-22. ' 
*^ Simms and Fufhii "CommunieafiQnii l's:h^ . 
*^ tf%iTisiu£t\m to SlimcQmpukf Networks,^ 

Ibici., ''Appendix BjCbmmon terrier Offer! . 

.Dunn* ''C^nirnftinic^i Hons Techiu)!^ * - . 

''Tyfiwhare/* Brechiire prepared by the TymsHare Inform.ition H^rvit cs nivision, 1970, p. 4. ^ 
Dunn, ''C^mrnunicaiions Technology,'' p. 1 77. 
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processes. The cofnmunicatiohs. part of a nfctwork 
cbnncctSj c^rdinatcSj and integrate the network's 
various nodes* ^, / 

' Each node can made up of any configuration of 
pr(^C5Sors, terminals^ conlrollerSi and^^oftware; tHc/ 
hnodcs may vary considerably in speed, interfaces J 
-languagcSi and other charaeicfistics, TTieae differenced 
are handled by the three .basic types of functions of a\ 
. communications system: terminal functions, transmis- 
sitin functions, and switching functfons.^'* ^ 

At each lourec tmninali the originating information muit be 
! convert^^ to a form suitable for tcanlmiBionto the remote point. 
l*h€ signals must travel through whatever transmj^ion media are 
in the path of the information flow so that, when they rea£h a 
d^ti nation terminal, it is po^ble to recover the form of the 
information sent with wme reaaonable predsion, , . . Switct|ingis 
n^ded when information mtlat be.^ s^t to any Dumber of 
d^tinations.and it is advantageous to allocate use of parts of the 
c !f ansmi^ion ^th to useri only when they need them. 

'rhe communications network must bring all these 
.components into ac» efficient system. TTie arrangement 
or topology of the network can vary.^^'It can be point- 
. to-point, multipoint I centrah'zed (or "star")^ hierarchi- 
cal' (or "tt^e"), loop (or "ring'*)j, distributed (or 
"'multistar"),^ or fuUy distributed. For a .library^ any of 
these lopologies is possible. 

The main impact on libraries is due to the existence 
of commercial ^communication systems, Instead of— 
haviiig to own point-to-point private lines, libraries 
can use a public-switched telephone network such as 
I^Data-Phdne 50 . or can lease private lines^^^from the 



telephorie company or a speciaHzed common carrier 
(WATS, TELPAK, TELEX, TWX, and MCI).^^ Of 
real value is a commercial service like TYMSHARE's 
TYMNET which provides a network-only service to 
customers who wish to attach their own computers to 
the ncfWork and offer service to their own user 
group. Usei^ can dial one of 80 metropolitan areas in 
the United States, Canada, and Europe without 
incurring charges for long-distance calls, xhe Na- 
tional Library of Medicine has attached several 
computers to TYMNET.^'^ SDC and Lockheed data 
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hmm are accailbb through TYMNET." The Federal 
librwy-OClLC project Also hai used TYMNET. 

Computors 

If communications is the "how" of the nctwprkp the 
computer is the *'what^*' A computer network can 
provide .device sharing, file sharing, and program* 
sharing. TTie ARPA network of the Department of 
Defeme's Advanced R^arch Projeets Agency was 
planned and developed as an experimental romputer 
network to demonstrate the feasibility of interconnect- 
irig and sharing hardware and software, sysjems.^^ 
When additional r^urc^ are required (e,g., addi- 
tidnal storage or a faster printer), the proOM is shifted 
to another available node in the network, 

.A timewsharing computer network such as the 
General Electric Infonnatiori Service NetWork^^ 
allows many remote users to have accw to a computer 
facility which simultaneously procc^e many com- 
pletely different firoblems and allows each user to act 
as If he jor she hadsolecontrol^3 AJibrary cari u^^ 
time-sharing service to acc^ a computer if it hasn't 
one oi its own, assuming of course that the ^pec^ary 
software is offered by the service bureau. ^ . \ 

Information 

Infinite variety is p<^ible ih the scof^ and applica- 
tion of networks. Information networks ar^ used by 
airlines to search data b^ of flight scheduler and 
r<^rvations. There is a network of &nsus Bureau 
data. There is also a network of stock market infornia- 
tion, including Dow Joni^ averages,^ stock pric^, 
statwti^ on the most active stocki, and historical 
statistical data on stocks,^* The National Library of 
Medicine's MEDLAR network is/made up of journal 
and report citations, not the materials themselv^. 

The major determining factor in the topology of 
such' a network is the type of participation of the 
node.^^ They can be providers of rwurc^ exclusive- 
ly, users oi r^urccs exclusively, or combinations of the 



two. A libraiy can participate in any of the thrit ways; 
When a library sips up ^ a |ubscribef to the ; 
Lockheed or SDC data bas^, It is signing on as a user 
only. When a librae joiw OCLC, It functions as a 
user and a provider, for , a member librajy , can 
contribute records to the data bw, 

BrWt Butler, in his article **State of the Nation in 
Networking,"^ defin^ a Hbran^ nebvork very strictly, 
but his main point was the distinction betw^n the 
network itself and the network r^urce. The network 
is the organization and the **nitwQrk^r^urce irf the 
romputer ^tem, data tose,; or semce which^ is 
available for use by that organisation,"?^ In genera! 
teons, OCLC, BALLOTB, SOLINET, Washington 
Stafe Library, NELINET, and AMIGOS, to name a 
few, are all consider^ functioning library networks. 

Most of the network r^urcc^ for librari*^ allow 
acc« to bibliographic data on library materials ri^ther 
than to the materials thensiselves.^* Fjiture library 
networks probably \^!! expand to allow acc«^ to the 
full text of library materials, and ultimately ifacsimile 
iransmi^ion of the mtMfi^ Buder addr^sed some 
problems that must be rwlved if library neftvorta are 
to succeed and advance. Grosch selected the following 
as the m^or t^hnical issu«^ n^tipned by Butler:^ 

• Authority controls on network data bas^ 

• Interfacing of multiple data bas<^ created by 
different institutions _ 

• Dir^ Hetwork TOmjfnunications computer to 
computer ' 

• Acc^/document deliveiy coupling 

• Data ba^ ownership and standards. 

Grwch adds her own a^wment of the future of libran^ 

networks.-* ' 
Up to now, netWorto hm^ addf^, for the moit p^, the 
praviiioii of atandaidkcd bibliographle twr^ or teument 
delivery wysmm. The mUy rignificaiit co« benefit of netwofte 
will come wtei they ^ effectively handle the following^ the 
TOfdlnation and development g( ^llectioni among thdr 
ben; inter^mmunication of bibli^phic requM both \yithin 
the network'and to adjoining netwofki; and delivery of tlgniflwt 
levela of integrated mrvlom of an online faturc to their mm- 



SimifBftndFuehff"GafnmunieaUpMTechn^^^ " , 

" Dunn.^^mmunicaiioniT^ndein^"^ ^ 

S4 j«ph a Maiihalir'Diitributrf Pf™in^^^^^ 

« Butlcf. "State of th€ Nation In Netwerldfii"^^^ 

Society fer I ftfofmaiionSdenee, 1976), 233- _ \ 

•» Ibid., pp. 245-6. * n 
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ben. . * . (Tjiey muilj cofiie w gripi with the iollowing new systema 
ooneepti: the new getiyftiiot! of mini- and midicomputet' Itkhir 
ware; dittribuUve data proc^ing wherein thoae functioha bcttef 
perforniri louJly arc done at the iwer's location; and develop- , 
. itietit of replicable multJpurpcse ioftware/hardware package 
^ available fdrleaae or purchi^. 

PROBLEMS IN CURRENT LIBRARY 
APPLIOAtlONS 

Literature reviews indicate that library automation 
— application ot the computer to routine operations' 
and service in a library is firmly established in the 

' library world.^^ The decision for a library k not so 
much whether to automate, but rather when and how. 
Alpcr luggeits that .this continued apfplication of 
computers in libraries is aq evolutionary process that 
dictatea^ontirtiifi|' review of past efforts to determine 
the characteristic that made them succeed or faiL^^ 
This iriformation then can be apphcd jn future 
applications.^ ' 

Most of the problems in the past have been in three 
main areas: poor or Inadequate systems d^ign; poor 

^ cpmmunlcations and misundcr^tajidingB between li- 
brarians and data prbc^ing professionals; and- poor 
or inadequate data processing assignment^ software, 
and access to pei^nnel and equipment. ' > 



Poor Systems Design 

Poor systems design and resulfinf project failure is 
not unique to library automatiom^^ Libraries do have 
a propensity for systems problems because librarians in 
the past often have used informal and unscientific 
planning and management techniques. Data process- 
ing systems require a much higher degree of standard- 
ization, centraliza(tion, and uniformity than manual 
systems,^ Cox, Dews, and Dolby spoke of a great 
cause of misunderstanding batwecn the library and the 
computer center being what iBnot said about the details 
of various library operations,^^ The librarian assumes, 
that the implicit details of a library procedure are 

Ibid., p. 225. 

AJper, --Ubraiy Automatiori,**p. 226. - ^ , ' 

Chaptcf 9 of Saiftiori'i bo^k h entitled Problems yf Library Autortmtion Systems." Pdtrjndatra'i took is a series of stalemehison library automation problcma 
lubmincd by 55 different Iibrari^. Stephen R. Salmeri, Library ritnomniwn Systems (N^w Vprki Mareel Dekker, 1975) and Franks. Patrinastro.compHer, /I S^un^o'e/ 
CBmmpftpiMt Ftsbtms in Ltbfg^ Auiamiim, The l=^ARC Asociaiion's World Survey Seri^. vqL H (Peoria, III, i LARC Prej. 1 973). 
^ Alj^r. "Library Autofnaiion,*' p. 2?3. \^ ■ 

^^hultheis, Culbertsdn, and Heiligerj^^Aj;^^^ 

Cos, Dews, and IJolby, CempHiff flfk/M#/.i*rg^, p. H / ^ ' 

M John J. Ni«j|au5, "Library Automation -How to Ikgini Initiating A Library AtjtQmaiion Ihogmm" in Iriiiiaiing a Libraty Auio paper? pr^mrd 

at the I965"|g66 meetinp pf ihe Docijmentatinn Group. Wi^hingion, IXC. Chapter, Special Librariej A^^iciaiion (Vv^a.-^hi'ngton. D G.^ Special LibfafyAsoci.it ion 
Waih^hften, aa Chapter, 1 966)p p,47. / ' " ^ " b r 

R(ichiudJT, Kimber.^^mflArt irt /j^rgrtw, 2d etH. (Os ^ ^ . 

Heiliger and Henderson* ii^rdg? M/oiMflnen, p, 23 ' = : , 

Palmer, p. 3t¥. ^ ' , 



1 obvious, This problem can be eliminated if a propcfj 
thorough systems design is performed, and a complete 
systems docurrient is prepared. The foliowing pitfalls 
have 6ccurred frorp improper planning for library 
automation.f^s 

• Setting improper goals * 

• Making an incomplete analysis ' * 

• Selecting wrong applications 

• Allowing too little time to domplete all phases of 
the system 

• Underrating the cost of the installation or system 

• Not keeping employees informed 

Related to, poor systems design is the miitake of 
automating manual procedure instead of automating 
with a view to what the computer can do and to what 
expanded services and Applications are possible.^® 

Poor LIbFarian/ComputtF Personnel 
Interfaaa 

. *'It is abundantly clear that elegant technology 
cannot be exploited and complex systems cannot be 
sustained by hostile, fearful, or untrained personneh'*^® 
Both library and computer center ^nonnel have 
been guilty. Computer firms have not recognized the 
peculiarities of library operations and have to tried to 
install **another addr^ list : program" or -^another 
parts inventory system," Librarians feelillf prepared to 
cope with the mechanical, the matheriiatical, and even 
the logical aspects of library automation They often 
avoid automation in order to avoid feeling uncomfort- 
able or inferior. They often defer too much to technical 
people, which leads to pwrly conceived systems. As 
Markuson says, a librarian cannot say to someone, 
*'Come automate my library! ''^^ A team approach 
must J be used wit^ all team rrtemberB doing their 
homework, For example, the different definitions and 
meanings of such terms as --file," "list," and "record" 
in library and corrtputer jargons must b^ recognized 
and dealt'With, 



Poor Support 

Library olm have suffered from a mismatch 
WUvcen thair ftced^ and software capabiliticsy hard= 
^€ functions; and access time. At .one l^el, the 
entire industry could not meet the needs. OGLC had 
to develop and engineer an cKtendcd^diaracter-Bet 
CRT tcrminal,^3 and ALA had lo s^fiBOT develop- 
rtient of a print train with the proper ^acritical marid' 
for printing library catalog cards/ Most st^n&rd 
software packages cannot handle library filing. Most 
service bureaus do not provide programs for library 
operations. / 

At a local level, the data pr^tcssing facility uBcd by a 
library V parent organization often did not have the 
proper hardware or goftv^^re- to support the libr<iry*s 
requiremcnta. Librariea^fl^ten found their access to the 
equipment limited and'thcir priority low. Agency data 
processing staff had/Httle time arid litffS expertise for^ 
library systems. Library systems ^Ve suffered when 
hardware configurations have bcdP changed without 
considering library Aefcds. These problems have affect-^ 
cd all typ^ of librariesi academic, reJiearch, Federal, 
ar)d public — all libraries ^hat must rely on outside 
data proc^ing support. Yet few libraries can afford 
their own computer facility, ( 

Other Problems 

In existing automated library systems, several prob- 
lems have arisen that must be resolved i^eforc further 
growth of library automation will \yc poHsible. One 
need is for a technically and economically feasible 
means to convert cataloging records to machine^rcad- 

' able form and to make widespread access to those 
converted records possible. Independent efforts are 
slow and costly, hut full use of online bibliographic 
fil^aj union catalogs is imj^iblc without conversion. 

Another need is for a means to transfer data^and 
systems between librari^ and between networks. This 
problem aris^ frofti lack of standardisation, which is a 
r&ult of the typical librarian's mind set and approach 

^ to management. It can be predicted safely that 
technology to accomplish such transfer will arrive 
before the human mind is psychologically prepared to 
use it. / 



MimcoNCPtrrERS in federal fcmEARiE^ 

FEDEBAL LIBRARY AUTOMATION" 
APPLICATI^ 

Automation in Fc^^l libraries irat many different 
stages of developmenft^from noncpdstcnt to avant 
garde! The pur^se of federal libraries varie^^from 
providing leisure readingNo , supporting the ^^^t 
scholarly research. Si^e of alld^ation, size of staff ^ and 
size of budget vary from lib^ry to library,, apd 
administrative structure vary frW one single" enor^ 
mous library to a branch structure of more than 15Q 
small udts. The problems of automation in the^ 
Federal libraries are the same as those in other \ 
libraries #f^the addition of a few peculiar circum- 
stances. Federal libraries have strict budget and 
staffing requirements, for example, and complex 
procurement and contracting procadurcs.lt is this ^ 
■environment this book addresses. 

HOW THE MINICOMPUTER 
COULD HELP 

What is a minicomputer? How is it different from a 
regular qomputer? How can minicomputers help meet 
a libri^^s automation requirements?^^ Thfcse are baiic 
questions; but . they are not easily answered. 

What is a rriinicomputer? It is a computer — 
machine that manipulate symbols in accordance with 
given rules in a predetermined and self^directed 
; manner. It is made up of a fcentral procasing unit, a 
memoiy, and input and output devices. It operates 
un^er the control of its progranm What then makes a 
cohiputer a minicomputer? The distinction is one^of 
size — pH>^icai size, size of memory, size of wm-ds, size 
of storage capacity, size of repertoire, size of price. The 
problem is one of drawing the boundary to distinguish 
between sizes. One must ask, "Confipared to what?" 
Definitions of minicomputers vary according to the 
range or boundaries set. 
^ Auerbach(l974):^^'' 

A minicomputer is a small, stored^prograni digital compuier thM 

can 1^^ pfogrammcti in an a^mbly or higher-level language and 

whidh>as the follovving attributw^ 

1. Sells for 1^ than S25,000 for a minimurn, stand-alone 
configuraaon compHi^ of a central proc^ing unit, memory, 
input/output equipment, and system software. 

2^ Containi a memory of at least 4000 eight^bit words. 



?3 l^nu* ''Computer Technology,** p= 213 i- ' _ ^rtmniitrp to develDB an im^gratad llbrafy aMtomaiitin syMcm See! A^df^V N. 

I«A„nCm™.ndDu*neHelg«Jn(M«nto,NJ.An . 
» HwrteAm A/fmmm^« (New York; PelwflliR'"^^ ' , . 
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Ai number of technological advances made rnini- 
cornpiitcrs p^ible. The main advance was the devd- 
9pfnent of inicgratcd circulta that were 'extremely 
small and' could be rna^-produced ecDnomically, The 
electronics field advanced from rnechanical awitGh^ 
and relays to vacuum* tubes to tranaistore and solid- 
state circuitryj and at each step computers became 
smaller and faster. *o The discrete components of 
transistor, r^istors,. and capacitors were replaced by 
an Integrated circuit called a small-scale integration 
(SSI) chipj and then by the large-scale intepation 
(LSI) chip. (Chl]^ are extremely small. TTiay am 
usually about % by |4inch and about }4 inch thick, 
and each chip can reprint thousands of transistori,) 
This miniaturiiation did not l^sen the jK)wcr of 
nliniconniputerB, which were more powerful than mc^t 
second-generation . larjg^ computers. The industrial 
applications proved minis to be powerful^ fast, low in 
co^tj and very reliable.^* The success of the mini as a 
controller and monitor led to other xxBm. Eventually 
niinicomputera broke free of the special application 
moldj and general-purpose niinicomputers were deveU 
op 



3, Perfonna normal romputer functloAiVinputaj tranafeiij atoreii 
pto^m, and outputi data) under itorecl^program conirol, 
'4«i If iMble I'h d brMd range of AppijaLtiot^ * 
Dbnitriades(1974)i'^o \ 

» Whit ia a mini^inputer? In generaJ tertnj, it is a phygJcaljy^ mmlf, 
reratiyely inexpeoaive^ highly reliable computervthat hasaitored 
program i^pability and require linle or no cnvfronmental 
^ntrbL NHGWever J the range in c«t and capabiliti^ ii very 
broad. , . \Thcfe 1$^ however, a "moet c»minon packig e' ' «vering 
approxifna^elyr ^ perDent of the miniosmputen in t£c today. Its 
baiic unit pH^ range Is from I20O0 to $10,000| a worl^le fystem 
with memory and ^ripherala will cost about S20,OM, T^e siie of 
a televiiloh ictp it itore about 4000 wordj of 16-bit^iriemory 
and pro^« at about 5 milltonths of a ^cond. Its modular design * 
allowi for easy add^n. 

Some definitions reflect the varied us^ of the minis. 
. Snyder (1975):^7 

An ac^ptable d^inition of theniiniCQmputer U elusive, . , , Most 
qiy^ted of the fugg^ted ipecifioi arc^ a com sim of 4,000 to BfiOQ 
wordi, and a ielllng pric^ lomewhere in the vicinity df |5|000. 
... they're usuaJly r^^feiring to aiteitral pro^orj with 4 to BK of 
memory and poralbly a teletype. (However | it's. not a 
functjohal machine. When you talk about a tme mini buiin^ 
lystemp you have to include a general purf^ computer and the 
nomial input and output devices. , . and ^nalderabl)? more eore 
than the 4 to 8K, , . .[The definition must be qualifi^ to] any 
oomputer lyBtern, that is oipable of han^nnf typical busing 
applications — billingj payroll. Inventory ^ntrol, etc — ^and that 
cMibe purchaaed for a total <ssi of la^ than S 1 00*000 dr rented for 
1^ than 12,000 a month. 

Pearson (1 975) :7« 

A computer that, with lu associated software and peripheraJ 
equipment, is priced low enough (from K5jO00 Or io) to be 
affordable by a medium-sized library, and with sufficient capabili^ , ^ 
ty to support moat library data proe^inf nwds. 

HISTORY AND DEVELOPMENT 

The minicomputer Was developed in the 1960s aa an 
outgrowth of third-generation computersj^ The fim 
minicomputers were for special applications. That is^ 
each was designed for one purpose only. The early 
applications were in industrial control; minicomputers 
were used as low-cost controllers of discrete ^nd 
continuous processes in automated laboratory or 
industrial equipment, Almost all of the minis were 
purchased by manufacturers to be incorporated in 
their products. ^ 

Paul B. I3emirriads/*Mini Updaie/ypuff«/e/^/^ ^ 
Jams E. Snyder, "Small Compuraf? for 

Karl M. Pfanion, Jr., "Minlcomputeo in (he Lihrary," In Amtml Rfi'wv &/ in/ofmaiidn Scimii end Ti^hno'log^, vol |0,eds. Carlos A. Cuadra and Ann W- Luke 
(WMhingtdn, D C : American Society for I nfefmatian ^ ^ . - - 

0. J. Vosfltka. ''The Minicompuier— Evolution or RevohiitiQn." In Mijfi^fr^.puiff Trmt and Applkaiims 1973^ ^posiwn Record, papcri p™nt^ »t the IEEE 
^ympoBium held al Nallonaj^Boreiu ef Standard^. Gaithi^ribufg, Maryland, 4 April 1973 (New York; IrBiiiute Of fileciricaj and Elecironl^^ 1973). p. L 

' Wi) liam Harden, Jr, , ffm) io ihy & I he Afmmmputefi & SlinTxempiiirri ( IndianapoHsj Hawird W. ^ms & Co., 1 976), pp. 

Voftadta, •'Minicompuler=KvoIution Of Revoluticin " p i ' = 

M Ibid., p. i 



CHARACTERISTICS 

Minicomputei^ are noted for theit; flexibility. In 
jfacij Vosatka suggested that "multicomputer" would 
be a more appropriate name,^^ The other major 
characteristic of minicomputer is low cost. In 1974^ ^ 
Auarbach raviawed the characteristics of minicompu- 
tern that r^ult in their lower cost compared to that of 
large computers.8^ . - - 

1. All have sirnple, i,a., limited^ Instruction setSj 
both in ateolute nuniber and the power of 
instructions provided. , 
2> AJI have srnall nniemories . \ . . 
3= Word length is shortj which permits d^ign 
economijte in the central processor electronics. 

4. All have simple input/output (I/O) control 
capabiliti^. 

5, Elimination of such feature as reaUtime clocks 
knd parity checking from the basic standard a$ 
opposed to. optional system is cost inhibitive. ^ ' 



Mir^COMPUTERS IN FEDERAL LIBRARIES 

durcs. The entire system, hardware and software, must . 
be ^on^tdcrcd in the definition, and the system^must be 
rtinctional. The Hardware should not require fpecial 
environmental conditions. That is, it should be uiable 
at the point of contact, but physical size or dimensions 
are not ■nectary to the definition. That leaves- the 
foUowing definition: A mimcompuier is a phjsimlfy small, 
relamfy insxpmwe, i^em/^par^oj^ rom^^r ^Aaf ^an p/?#r^^€ 
in a regular mvironmmt with as rnmh pmphmi and ^sim 
support mmsa^ to meei ths nquirmmts of thi 

applicaiion. . : ' ' 
.%cn though minicomputeri are only a little more 
thah a decade old, they too have gone^ through. 
' development phases or generationi {Figure 16).8^ The 
**micro" systems are smaller, cheaper, and less sophisti- 
cated than minicomputer* ; ..^ 
/ Microcompuiei^, microprocc^rSj microchips — 
these terms diften are us6d interchangeably.^^ A chip 
with all the CPU functions is^alled a microproe^r. 
Frequently it is used with other chips that handle the 
I/O and memory functions. A microcomputer is a 
rttinicomputer built around a microprocessor. Wicro- 
compters are often used ' m controllers of other 
devic^ind th^e often are galled, nfucrocontroller. 

BASI^ USES AND A^PUCATIONS 

Miiiicomputers have been used in five mairi areas of 

application,^^ / ' . ^ 

1. Industrial process control 

2. Peripheral control 

3. Data acquisition ^ 

4. Communications 

5. Computation. 

Industrial Proeess Control ^ 

Minicomputers first were used in the industrial area. 
The minis control processes and machine tools; 
operate equipment; and t^t systems, subsystems, and 
components for quality' contfol or monitoring and 
maintenance in the field. A mathemaucal model of the 
process is used. Minicomputers often are made a part 
of a system assembly or other machine by theorigmal 
equipment manufaaturer. Minis are used instead of 
traditional electromechanical control systems because 
they can handie more complete systems and can be 

CM, l975),p/22. ^ . 

On ' 



so-,. " ' ^ . : " 

6, Slow and relatively ynsophisticatcd peripheral 
devices are used. , , ; 

7. Mininial system engimccring support is needed. 
' a. A limited amdurit of comprehensive system 

. softw^are is supplied free with a system,. ^ ^ 

Th^ characteriitics arc aiiappcaring in some rpa- 
chin^ due to advances that make greater cornpuiing 
power possible for the same or less money. For 
example, minis are available with more main memory, 
longer word lengths, larger instruction sets, simpler 
and moreAcfficient 1/0 systems, and more system 
sottware pr^ided.. The distinction between largctscale 
: computers Apd minicomputers is blurring; system 
pric^ are increasing. The smaller large computers a^^^^ 
larger minis overlap, and such names as "megamini" 
and ^'auper'-mirir ar? ; used by some to describe these 
machine. The IBM System 3 and the Burroughs 1700 
are two comihon systems In this borderline category. 
In general, the philosophy of minidDmputert js 
different from that of large-scale computers. The 
minicomputer envirDnmeni is one of closeness* and 
contact. There is a "hlinicomputer attitude," which is 
d^rihrathus.?'' 

Peo^c with minis have time to get to know the ^mputer; People 
with minis get to know their application on the computer. People 
with minis become intimate with die computer. 
With the use of minicomputers, there is a shift from 
centrdlfeation to distributed computing, from central 
cbntrol to local control A standalone computer can be 
dedicated to a single use and placed at the point of u^. 
Communications delays are eliminated and data entry 
problems minimized. Mini systems are naodular, and 
thus more easily configured to meet specific require- 
ments than are large computers. The technological 
advances come faster in the minis because the develop- 
ment cycle is abbreviated and adjustments to new 
technology are easier. This all adds up to an o^n, 
r^ponsive atmosphere that makes automation less 
forboding and more approachable. 

DEFINITIONS 

^In. choosing a definition for the word **minicompu- 
ter," it seems wise to be inclusive rather than exclusive. 
The dollar value is Important but cannot be definitive 
due to inflation and Government procurement proce- 
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mdapted to change in materials or pr^^ors by 
inei^ly changing thair software, 

lF^lph#ral Coiitrol 

MiniQ)mputerB arc us^ instead of hard-wirad 
controlleri to a^ntrol peripheral devices such m 
terminals, data entry systeniB/ or computer in- 
put/ output device. The mini can service interrupts; 
control input/output- and perform sequencing, data 
tramferijpbuffering, editing, and formaiing so that the 
main CPU*s control unit need not used for th^ 
purpH^, 'Diis ailovvs better CPU effid 

Data Acquisitions 

Minicomputei^ are used to acquire data in industri- 
al and military applicationi, r^earch and develop- 
ment organizations, hospitals, and laboratori^. They 
provide a real-time interface with sensiDrSi countera, 
t^t or measuring deviq^,/iat0llii«, .or other data- 
gathering instwrnenti. They accejpt data from multi- ' 
pie sourmi at high i-at^, and then store, log, edit, 
format, and/or preprope^ the data. 



mlniconiput^ development \ " ; 

Comniunleatlons 

Conununications networks use mim'computer com- 
munications coritrol pr6c(^ing in three different ways; 
as front-end pro^^is, as data^concentratorp, and as 
' m^sage-switching units. \ , 

A front-end proc^^r is located cl^e Ito the host 
computer and is placed in the data, flow between the 
host and a number of mmote data tentiinals {or other 
coniputeii). The fronf^end prpe^or perfbrms' data 
communjcation control functions such as line coritrol , 
error checking, code convenion, automatic answering, 
filing and. addr^Jngj and character-to-m<^saga 
a^mbly and disassembly.88 Thei host proc^sor (the 
mainframe CPU)* thui mak^ more efficient use of 
proc^ing time and memory requirements. A mini- 
cpniputer used ^a front'end processor ia more flexible 
and economical than a hardwired device and serve 
to maintain network operations if the host computer 
ihould go down. ■ V 

A data concentrator' is remote from ^ the hmt 
Computer and serv^ to coordinate and optimize 
transmi^on of data. It accepts m^^g^, from^marty 
tenninali via low-speed iin^ and transmits them to the 
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host'via a single high-ip^d line, T^^ 
by mora efficient use of tha lin^, A minicomputer 
functiorting as a data concentrator can be pro^ 
gfdinmed to perform the d^ta communications conirol 
functions^ a front-end prc^Mor; to accommodate 
interface to special terminals; to buffer input/output 
differences; and to accommodate changes in dat^ 
rat^/formats,'^Qdes/cornmunication procedures, and 
number of terminal devic^.^^ . ; 

A message-iwitching unit is an intern^dliate point in , . 
the data flow, An entire m^age is transmitted to a., 
mcssage^switching unit, where it is stored for a peri^V 
of time.^ It is then ^ transmitted to it? destination, 
which is designated by an addr^ in a header field in 
each message, The unit accepts message from multi- 
ple sources, logs the messages, routes them, to mifltiple 
output lines, and' verifi^ their transriiission. A mini- 
computer as a message switcher do^ more than route 
traffic, it lets a terminal send a single message with 
, multiple addresses, eliminating retransmissions for 
e^h addre^, and it temporarily stored data on disks or 
magnetic tape, converts codes, edits, logs, and ^Us: 
and addr^s^terminals. It saves line costs by allowing 
m^g^ to be transmitted at top speed and one line to 
'bcshared^by several terminals. - 

Computation ^ 

Minicomputers are used for computations or prob^ 
lem giving. This is a standalone application in which 
the mini is used as a large-scale computer — it 
performs input, manipulation, and output operations 
whil^ independent of any other computer- It is used m 
applications that could be served by a, large-scale 
computer but are more efficiently served by the mini. 
The mode can be batch or online, dedicated or time- 
sharing, Minicomputers have beeri applied thus in 
business^ education, engineering, and r^earch. 

MINICOMPUTERS IN UBRARIES 

Minicomputera have many potential uses in a 
librtiy. Ej4:ept for data acquisition, any of the five 
main areaT of application could be found in the 
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'Many llbrarjea already have minlconrfputen ~ 
some unknowingly. A Xerox 9000 has a minicomputei; 
m its control unit, Other cornmon library equipmcht 
with microproccasora include magnetic-card typewrit- 
ers, desk calculators, and microfilm readera,. Some 
.libraries that are part of large-'icale computer systems 
have a microprodcssor^ontrolled peripKcral.^i.e., ter. 
minal, or an intelligent terminal that pcrfonns front- 
end editing and error control. 

Pearson highlighted the early applications of mini- 
computers in libraries bi Minis were, first used aa data 
collection' units in batch circufation systems, Tn this 
application the information for each transaction is 
recorded by the mini and stored with other transac- 
tions to be transmitted in a group to the host computer 
for batch processing of the files and production of the 
reports. Minis next were used as remote processprs, as 
well as being used as locally available small files (e.g., 
bad borrowers files and hold or rraerve book fil^).' The 
major file'updates and reports still are handled by the 
host computer in a bateh mode. Ultimately minis were 
applied to circulation as standalone units to handle 
transactions in an online envirohment. 

Minicomputers have been applied in similar ways to 
supiwrt acquisitions, technical processing, cataloging, 
film booking, and seiective diffiemination of informa- 
tion. 

Minis have also been used in larger system configu- 
rations terminals, communication Control units, 
and/or remote computer. The Stanford University. 
BALLOTS system uses a minicomputer. as a commu- 
nications controller md as a programmable terminal, 
connected to an IBM 360 mairjframe or host comput- 
er.82 The University of Chicago Library dati manage- 
ment system uses a minicomputer as a remote concen- 
trator, (communicatiohs cpntroller) to handle the 
network's 50 terminals.93 Information Dynamics Cor- 
. poration's BIBNET system used a dispereed comput- 



» Ibid , pp. 3-5— 3-7. ■ . ^ ' . ' ' 

M Ibid .pp, 3.10~3-I2. ■ ' ■■ . .„ 
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ing approach, with minicomputera functioning as 
remote proctors, ^ 

Tlie last major type^of libraiy appJication is the 
minicomputer "turnkey'^ 4^stem.^^ This eSmmercial,. 
on-thc»shclf package is complete and ready to use on 
Jnatallation. It include minicomputera, peripherals, 
and software nec^saiy to perform specific library 
functions on a production basis. The Computer 
Libnuy Service, Inc/s (GLSI) LIB 100 circulation 
system has been installed in more than 50 librari^. 

SUMMARY 

Minicomputers, althopgh not a panacea, can and do 
have a place in librari^. Their fole in library 
automation will increase. The attribute of minicom- 
puter systems contribute to the library automatioh 
environment in a nurtfcer of ways. 

• Local ConiToL Because minicomputers are small 
and require no special environmental controls, 
they can be installed in the point of use (that is, 
the normal library environment). The librai^ 
staff thus controls the operation of the system, 
reducing problems of access, long queues, schefl= 
uling time, and low prioriti^. , 

• 7^^ Mint Attttude. Because the mini is housed in the 
library, it is more approachable for the library 
staff. There ts more hands-on use of the system, 
which encourages the staff to understand and 
accept the system. 

• Smaller /Simpler System. As a ruld, the minicomputer 
is a smaller, simpler "machine." It lends itself to 
applications and environments that previously 
were considered too small to justify automation. 

C^vtd P Waiie, '^Thc Minittimpuicr lis Rnle m a NiitiGnwidc Pibliagraphir 
Fmtlimi, ed. F Wil/rtd I^ncaJicr^ paprH prese-nird ai ihc nn4 Cliiiuj nti Ijiirary App 
Univf riiiy of lllindis, Graduaif' Schnol «f Library .Vienrr, 1*^4 p i 4<j 

Peanan, "Minictimputeni in ihc Library,"' p I 4 * 



• Modular Systm DevelopmmL Because a mini lends 
itself to small, discrete applications, a library can 

. build a total system on a modular block^by-block 
basis. Individual systems can be integrated into a 
whole library syitem. * 
^ • Custom Configurations^ Minicomputer hardware and 
the minicomputer industry are such that a system 
configuration can. be tailored to nieet individual 
system requirements. There are few one=vendor 
shops in a minicomputer environment. Hybrid, 
mixed-breed systems are common. 

• Adaptabttity. With large-computer systems it is 
often so c^tly and time-consuming to change 
vendoi^ or upgrade equipment or software that 

'- systems remain stagnant or become out of date by " 
default. This is not true of minicomputer sy^tenw* 
Change can be handled much mor^e^ily. 

• l^w Cost. The main characteristic ot minicompu- 
ters, their low cost, allows more librari^ to 
automate. Although they are not cheaj^, mihi- 
computer systems are relatively inexpensive com- 
pared with large-scale computers, and they bring 
about a greater dollar return and cost/benefit 
ratio. 

No library can affbrd to ignore the possibility of 
applying a minicomputer to its operations. This is true 
for librari^ with no experience with automation aif 
well as for those with functioning, fulUscale automated 
systems, for minicomputers do not have to compete 
with large-scale computer or time-sharing systems. 
They can supplement or complement such systems 
instead. Again, their keyword is flexibility. 

and I fi form a ti D n N e t wor k , " i n A ppiications gf Mmicomputtrs taUbmryand Rdattd 
icatiurtsof Data Pructrsing, 20 Apni io 1 May 1974 (Urbana Champajgn. Ill: 
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In general terms, tninicomputeri are functionally 
and operationally the lanie as large'Scal^ computers. 
There are difference, though, and thU chapter 
describes th^ -ilivergenc^ from the general descrip- 
tion of compuiera in Chapter One, The difference 
stem from the facte that (1) minis are smaller and 
therefore simpler, (2) they are "younger" and have not 
evolved as far as large-scale computers, and (3) they 
are usually deipied for single applications, vvhereas 
large-scale computer are general -purpose systems. 

Minicomputers are approachable, Usera can see and 
touch them. For thi^reason they need not be viewed as 
"black box^." Many people become inter^ted in 
minicomputer systems as a hobby, much as stereo buffs 
get into audio component and systems. Many systems 
are put together as hybrids with equipment from 
various manufaqturers. While this can be a strength, 
allowing the user to have a system that truly mcctn his 
needa, it can make selection of a system technic^illy 
complicated,. 

This chapter alone will not prepare librarians to 
a^mble their own systems. Reference to additional 
sources are given for users who would like to take this 
approach.^ The more general goal is to prepare 
librarians to deal with system requirements, specif ica- 
tionSj and selection criteria as members of teams that 
include data processing experts._^€rarians should seek 
the advice of experts but should not be intimidated 
into deferring too much to them, 

A block diagram of a minicomputer configuration 
has the same basic components as that of a large-scale 
computer configuration (Figure 17), Minicomputer 



software also is basically the same as that of large-scale 
computer. It include library subroutine, assemblera, 
compilers, file management programs, and operating 
Systems as well as the application programs. 
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Figure 17. Block cUagmin of a minicomputer 
configuration 

The specific components and configuration are 
determined by the application. For data communica- 
tions network applications the main distinction be- 
tween configurations is in the physical location of the 
equipment. For example, a minicomputer connected 
to a host to serve the communications control process- 
ing for a number of nodes or terminals can have 
basically the same comfwnents whether it is a front- 
end processor or a remote concentrator (Figure 18). 

^l^ihel^^^^'^T.^i^^ on mimcQmpute« H,. Prekre iiatement defines the scgpe which ii ol the sam. phil^ophy « *ia book: «To insure 
, ^ ^ ■ t -""^ deiermme what the ,y.iem must ™mplkh/er hm but aUo have a fundamenioJ working knowledge of thg qualiutive 

^S^^u!!j^^l^^V^^'^^y^^ evaluation, flection and inierfacing. and h^«iwar^. .o/twaie. and firmware integr^ion.^kk. ^rjy 

^^TorXS;^:"^^ hi ^^'^^^ minieoniputer ,y.tem. anaJy^ii and d^ign will in all probability i^I in an uLtiifSr^ 

TJZ^^ ^ T Pi'P^ "^''^"^ ^" ^^'^^ 0^ minicomputer handware and ioftwa^ 

^chnohj^^ pr^ ,n evaluating and d^.gnmg minicomputer system, a. well a. guideline a. to how to implemeni.maintain, and 
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FiouRE la Configuration of a front-end processor and a pemote concentrator 



• Addressing capabilities 

• Instruction execution speed 

• Number, size, and arrangement of accumulators 
and/or index registera 

■ • Number oi interrupts and methods ol handling 
them 

• Optional features 
More technical definitions of each of these elements 
can be found in a number of tfexts". The impact of any 
one of these elements can be overcome by aufmentmg 
the system with additional hardware or by software 
design; none can be taken as definitive or pivotal. 

Instruction Set 

The instruction set is composed of the basic machine 
language or commands that represent the simplrat 
tasks performed." They include logic statements such 
as AND and OR; ' load/store statements such as 
MOVE DATA and LOAD ACCUMULATOR; 
arithmetic statements such as ADD, SUBTRACT, 
TWO'S COMPLEMENT, and SHIFT; and control 
statements |such as COMPARE, SKIP IF EQUAI^ 
UNCONDITIONAL JUMP, and TEST AMD SKIP 

* Ibid.pp 2tj-20 



Front-end minis are located at the same site as the host 
computer; remote concentrator minis are located at 
the remote site and are connected to the host by 
telecommunications Uno.^ 

As far as library appHcations are concerned, the 
configuration varies according to input requirements, 
output needs, storage demands, etc. The specific 
library appHcations and typical configurations will be 
reviewed in later sections. In this section the general 
elements of the hardware and the capabilities of the 
software will be described, ^nd their rules explained. 

HARDWARi 

IE 



The minicomputer mainfianic (CPU piu^. lu^i" 
memory) determines the pmvcr of the system. I he 
main characteristics considered in dcscribmg and 
evaluating the structure, or architecture!, of the CPU 
include the following/^ 

• Instruction set 
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IF SET OR RESin\ I hc simpler CPUs have vqry few 
instructions in their sets. In terms of the application, 
the number of instructions provided is less imp<)riant 
than the kind of instryictions. In ahy case a program- 
mer can write joutinfes to accompHsh tfttese tAsk^^ It 
simply takes more d/^veJoprnent time and rnakes the 
program larger and skiwer,"' 

Addressing CapabUhies 

The addressing capabihties of the CPU are deter 
mined by the length of the instruction word, the 
processor logic, and the memory size.^^ I he word 
length is the amount of data that can be stored in one 
memory location; it ranges from H i(> 24 bit>» l^he 
means of identifying the data in each nieninn lucation 
and makmg it available for use is called the addressmg 
scheme. The Sams b<jok presents a snnple explanatori 
of add ress i n g : ^ 

MemOfy ceils are very" simiUr tu piM uitue bjxrs Pij^iiMiffji r 
boxs are numbered in ^{uriirr on ihr uutymiv of ihv Ikix \Se will 
number our memory telb from 0 to IVA, a unAl nl (A inrtiinry vv\h, 
each one holding l6bitJiof data. When wr talk aUmt ihr coniriws 
of mc!mory cell 17-, we may visuiili/e a posr-officc t:icrk goinji over 
to box number 17 and vyithdrawing .i pjsi ciircl wnh a |f> bir vahjc 
pnnted on rt. iTie 64 memory uclb rnrUaU! rithrr liiita vahir? 
or instructions (or tiothing mearnngful if a i ell i?. run u^d) Ilie 
data valus might be used by add or suJAran imirut tion^, or fi>r 
comparisons C'^lls might alstj \ir Hrt asidr. or rf^emtl, fur thr 
rsfults of operaticms If therr werr ri) yuect^ uf data nr [r^«=rv^d 
cells m mrmnr^f. thrn- would br n«jrn Uu M jri.siriji tmn^ If thrrr 
were iratruciiurui in tocaticirLS I) ihniugh ^M, ihrrr obvHJuslv rfsuid 
he no data in these Imatitms ai ihr sansr \\ii\r 

Ihe mstnictiofi word bctorries thc^ ktv It Tnu!st. as 
explamed m (ihaptn C )rir . ^prt ifv i I i flu i*f5erati«Ni 
be performed .ind i2) whr-rr m tin riu iiiorv is th(= dat.i 
to \w cipt'ratetl un whcrr il is in in alf^el afu r f>rint^ 
operated im, and vvtirrr hi iht^ rrirrnnr\ \s \\\t nrxl 
mstrurtioii i hat nichns .ui instinii t u m \^urdof InfMi:^ 
IS divided ifin* a iwu-palr furrriar'' I hr hr>t Ih.hbn^ 
are *lSSigned .u, lUv upe-ratXin nxU arui ihr irMuunirs^ 
10 to I 2 hits art foi nddi™in^ 

Most onnK nmf>utrrH asr uiir .iddu Ui.A\ Ki^ > i, 
whic h niraiis dial t>i\r in^lr lu iinn i an .uh h t ^ i >r d ^ ^hu 
memory Int atioti ( icHtiiJ bat k lo ilir [insi ffffhr 
analogy, vm U iiicin^ijv liM iithUi har- ,i uiiii(U<- rituMlx r 
as its addfrsN With \ J hits ffpif f.tum a haM iss.. 

^ Ihul.p 17 
" Uni\ 

^ W'llluiiii H.iMfrii jt {•:■ Hui if^' ( i/ . , , p i, ^ . , j, 

llijrl p ^11 * 
IhMl 

'■■ liifihiuh .n W//i*i>.i"r/'h/#'-»i. ji *I"J 
?* ihiij . \i '»M 



numbering scheme, only 4096 unique numbers can be 
specified, or, only 4096 memory locations can' be 
addre^ised. When memory sizes are greater than 4096 
locations, means of ^^dre^in^, memory other than 
direct addre&sing must be used. Different manufactur- 
ers use different methods. The most common are direct 
or' absolute, immediate absolute, paged, relativci 
indirect, and indexed addressing, *'For these tech- 
niques, part of the addre^ field (for example, 3 bits) 
selects the addre^ssing technique or mode and the rest 
of the field (9 bits) operates as an addr^, an address 
displacement, or an operand/*^*^ Some techniques use 
special registers, counters, or stacks to extend the 
number of Icjcations that can be addressed. The 
technique used affects the memory size that can be 
used, the speed of processing (number of cycles 
required to support an Operation), and the difficulty of 
programming the system. 

Instruction Execution Speed -J- 

The instruction execution %peed depends on rnemo^ 
ly cycle time as well as on the CPU's internal logic (the 
way the cycles are used to perform the operations). As 
i\ btisij* for comparing CPUs, the speed is often 
ineasured m terms of performing a standard operation, 
such as the add time as well as the cycle time. C^ycle 
.tiine can ^x^ defined as "the time to read^nd restore) a 
snigle word in rtitmory"** or the **minirimm titne 
mtenal, in microseconds, between two successive 
at c < sst^s to a partic ular storage location.''^^ Add time is 
variously defined, but in j^eneral it represents the time 
rrquirrd U) fK^rft^rni an add operation (C — AH=B), 
i!u IudniL{ thr tirne used sn accessing both operands 
frnrn inrtnuis and storuig the results in working 
sfnr,it;r Kven these' imws are not always directly 
i uriipai iihlr dur In the wav the manufacturer per- 
liHijud [hr irst Otlur \axUn^ that affect speed in 
I iHiijjlit at£_ tl sv^itins ate the load 4)0 t lie system and the 
usi= of such t< t'hfiiques as tmie-shcing 

Kegister Cofitigiiniiiuii 

Hie liumb<'[ , si/e, ahtl uj i*uit?rjjK'rit of a( uniLilatiJf s 
arid or mdex registrrh icalb cletc-inung the architect > 
tuff id th(' (II'U \ \\v\c iWv iwij basic typ^s of (!I*ljs, 

I . nil M 
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speciaUrcgister procmori and general-register proces- 
sors.*^ In ipecial-register proctors **one of the oper- 
ands specified by the instruction r^id^ in a main 
memory location and the other raid© in either the 
accumulator or ^me other special- purple register/' 
For special functionB there are special rcgistei^, such a^ 
accumulators; extend registcR^ which may be logically 
linked to accumulators; index registers, which are used 
in addr^ing; and others for prograni linkage, etc. 

deneraUregister prw^ors do not define the func- 
tions of the registerB but allow them to be used as 
accumulators, stack pointei^, or index registers de^ 
pending on program requirements. This gives greater 
flexibility. Most proc^sors also have nonprogramma- 
ble registers that operate as buffer to hold a word 
temporarily for the proc^r hardware (e^g., program 
cqunters).*^ A variation has ^n introduced .with a 
mechanism called a stack.^e The stack is an ordered 
collection of memory locations or hardware registers 
with a top or fim element, a second element, and so 
forth, in which only the first element can be accessed 
A **pushing'' operation loads the elements one at a 
time in sequence, and a ^^popping operation" takes the 
top element off and moves every element up one 
position. The number and arrangement of the registers 
affect programming ease and flexibility as well as 
execution efficiency.*^ 

Intemipti 

The number of interrupts and methods of handhng 
them allow the processor to interact^ with the enure 
computer system. "An interrupt is a signal that causes 
the processor to suspend execution of mstructiom in 
the current program and to branih to a set of 
instrucuons that deal with the internipt tonditum 
Whin the internipi has been taken care of. thr 
processor continues to execute jhc Huspendrd pm^ 
gram,"*^ 

There are two types of interrupLs miernal and 
external Internal interrupts, or trap, deal mainly 
with abnormal, error, or (Krcamonal rtinditions (e ^ . 
illegal addre^, power failure, memory parity t-rror. 
and'ovwftow from fixcd^point arithmetu (ip<=rat!un) 
- External interrupts deal with dcvwvs external to the 
processor, such as the peripheral dwwr^ Wviamv the 
processor speed is very great ami the penphrral dvvn vs 

llolllhgwofth, A/inin^rfl^fM, pp ? 
Auttboih on Almiivm^iteri, p 'ih 
liekboi«f . Aftnicompuiif Syitffnh p 1 ^ 
AuffikMhon Afmii^fnputffu p. \1 
IbitL.p Wi 

Ilpllihgworth, ^fmif^m^j/ffj, pp 
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are by comparison v^ry slow, the processor performs 
other functions until the ^ripheral sends an interrupt 
signal to say the input or a character is ready to be 
transferred/ Once the transfer is completed, the 
processor returns to the prograni it was executing when 
the interrupt occurred. Goierally the external inter- 
rupt expr^^ the cause or condition that triggered the 
interrupt, such as error, malfunction, character ready 
for transfer, operation finished, end of bl^k, etc. The 
complexity of the interrupt system, called the vectoring 
mechanism, depends on the number of lines, the 
number and nature of the dei^ic^, and any priority 
structure used.*^ 

Optional Features 

Optional feature available from many manufactur- 
ers may be appropriate for Bpecific applications. The 
typ^ of feature offered include power fail/safer 
memory protection, memory parity, floating-point 
arithmetic, decimal arithmetic, and byte manipula^ 
tion.^" 

Main Memory 

The main memory of a minicomputer is d^cribed 
by its word size and capacity. The word length is the 
amount of data that can be stored in one memory 
location, and the capacity is the total number of 
memoi7 locations or words available. Common capac- 
ity .iz^ a^e 4K, BK, 16K, 32K, 64K, 128K, and so on, 
where K is nominally 1000, but in actual measure each 
K represents 1024. The size can be thought of in terms 
of word capacity or character capacity, and a choice 
can made based on the best, most efficient 
combination (e.g., OK 8-bit words or 4K 1 6^bit words), 
^l able 1 0 shows some representative combinations. 

Table 10— Common Sizes of Main Memory Units 



Word length Word Capacity Character Capacity 



n hies 
n bits 
H bits 
\ii hits 
H) bits 
16 bits 
Ui bits 



4 K 

a K 

If) K 

4 K 

n K 

Ui K 
K 



32,768 
65,536 

65.536 

2t32.144 



MWICOMPtrraRS--DESCRlTOONS* 

The available types of mehiory are ferrous-core and 
semiconductor.^^ Ferrous-cofc fnemory is the kind 
d^ribcd in Chapter One, It^ is nonvolatil e, which 
means that if power is Imt the contems remain stable. 
The average^^eed of core memoryjin a minicomputer 
rangte from 0.8 to L5 microseconds. A semiconductor 
memory is a solid-state, integrated circuit module 
usually called a chip. The density of the chip is 
expressed as LSI (large-scale Integration). The materi- 
al of which the chip is made constitutes an additianal 
means of classification (e.g., bipolar semiconductor 
memory and metal oxide semiconductor, or MOS, 
memory). Semiconductor memory is faster than core 
(MOS average 0,45 microseconds and bifxjlar average 
es 0,3 microseconds), but it is volatile — the contents of 
memory are lost in the event of a power failure. Most 
memory has both read and write capabihty. A special 
kind of chip is u,sed in some equipment that has read- 
only capability. 

The ROM (read-only memory) is a memory 
containing permanently available, frequently used 
programs and/or data. It is designed and sequenced as 
it is manufactured. It cannot be changed and is 
relatively slow. A ROM is nonvolatile in that the 
contents will remain even if the power source is 
interrupted. A new modification now available is a 
PROM chip, or a progTammable ROM The pn> 
grammer can decide on the subroutines, which arc 
entered electromcally at the bcginnuig but arc not 
easily changed and are not under program control as 
other memory is. ROMs and PROMs have figured 
heavily in miniature Hystems, tont rollers, and micro- 
computers, 

Input/Output Control 

In put /out put rontroi transfers uiftii nuitjun txMwccn 
the processor of memory and I C) devices in frsptmse 
to signals from the control unit and the exterikil 
peripheral devjces.32 An I/C ) syntcm is nuide up of ( l\ 
a controller, which controls such feat u res of ihd 
peripheral device itself as clettronKh for [mni head 
selection, paper motion, aiid print tmunji*; (2) one Q , 
several buses (the actual lines that cunnect thedevicc^ 
or units); and (3) an interface {the Uji^ic c ircuitry that 

" !Ioninf?Wtnth. ,^fjflii,>rfj^i-ri. (>p |ti |)i 
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controls the larger activity required to synchronize 
data transfer by performing such functions as level 
converaion, command decoding, mujtiplexingj and 
data requ^t logic), ^3 

The actual data are transferred by one of two main 
methods: progranimed I/O (PIO) or direct memory 
access (DMA),24 All mimcomputei^ have Pid, which 
is a sofrware technique. Input/output instructions 
transfer the data and are device-dependent. That is, 
the instructions are peculiar to each kind of device. 
PIO is slow and is appropriate for data transfei^ with 
slow^speed devices such as pa^r tape equipment, 
hard^copy terminals, and los^-speed line printers,^* 

DMA, a hardware feature, is not on all minis,^^ It 
allows data to be transferred at high speed between the 
device and the memory itself, TTie DMA interface is 
sometimes called a channel. This channel contains (1) 
a memory addr^ register, (2) a word counter to keep 
track of the number^ transfers performed, and (3) 
logic for gaining acc^ to the memory and providing 
the necessarwttmng and control signals, f he DMA is 
used for high-speed devices such as magnetic tap^,, 
disks, and drums, A multiplexer channel is used to 
handle DMA for several device. It is somewhat slower 
than DMA, but it allows a number of data operations 
to occur simultaneously,^^ The interrupt system de- 
scribed above is also an integral part of the I/O 
coniror 

PERIPHERALS 

The f^riphcrals are made up of anything attached 
to the mainframe. Generally clabed as. input/output 
devices, they function as mass storage or man/machine 
interface devices; some can serve both functions.^" 

Mass Storage Devices I 

Mass storage serves as an extension of jpomputer 
main memory. The media range from puncp card and 
paper tape to magnetic tape and disb. Eatih medium 
has different speed, capacity, and storage characteris- 
tii^. Selecting the proper device for mass (file) storage 
IS critical to the efficiency of a data processing 
appiication 
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Punch Cards 

*^The punch cards contain data represented by 
patterns of ho'te punched in the 80 colun^ of each 
card.^ Each column can repraent a character. The 
cards are stored in boxw and can be handled manually 
humans can read the interpreted headers and can 
remove or add cards as desired. Punch cards are 
inexpensive, but it tato many cards to hold a given 
number of characters (i,e;, re^rds) and therefore a 
large amount of physical storage space and much 
manual handling are needed. Data on cards are 
entered into the system by means of a card reader, 
which reads the holes ahd converts them into bit 
' patterns/ Card readers are low^speed devices that read 
100 to 600 cards per minute. Cards can be prepared by 
a keypunch machine offline. Computer-driven card 
punchy' can be ubd to punch cards as computer 
output. Card reade!^ for minis are common and 
inexpensive. Card punches for minis are rare and 
ex^niive. 



A continuous ribbon of paper called a paper tape 
can be punched like cards with holc^ rcpr^enting 
d"ata.30 Unique Bote patfernH in the paper tape 
represent the symbols, Six=. seven ^ apd eight^holc 
paper tape devices are in common use. The number of 
holes ayailable determines the number of unique 
symbols that may be coded onto the paper tape. Most 
paper tape devices provide for extension of cocle 
meaning through a technique called shifting. Shifting 
requires that a special hole pattern be used to indicate 
the use of upper-case or lower aii^e shift. A paper tape 
printing device will recognize the shift cmles and take 
appropriate action. Software m the computer also 
must recognize shift- codes because the symbolH can 
have one of two meanings according to the shift. 

The tap^ are continuous, unlike cards wh. ^rc 
limited to 80 columns. I he tape is smaller, niore 
compact, and requires less manual handling than 
cards. The problem is in editing or correcting errors on 
the tape. The papcr^ape readers work similarly to 
punch card readers but operate at higher speeds, 
although they are still classed as low-speed devices. 
Paper tapes commonly are used with niinisfor stunng 

^^^ob^TTMllIy^aiul JcLph lW.k.;, Mm./^-.^A ./ /^./.7V,..n|n, j 
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^3 lUrtJen, 'UifMtyPn^tifnO'.Ui.M™^ **** 
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the simple, bSitprograms used to start up and operate 
the CPU. 

dassette or Cartridge Tape 

Magnetic tape ca^ettea that Icxjk like common 
audio cassettes are used on minis." They are recorded 
and read sequentially, like paper tape. They are 
compact and relatively inexpensive. Typical recordmg 
capacity for a cassette ranges from 1 LO.OOO to 400,000 ^ 
charactera. The cassette ta^ drive reads knd records 
on the ca^ette. The speed of data transfer on a cassette 
drive varies from 500 to 1600 characters per second. 
Once the tape is mounted, little human interface is 
required. The drive that advances or rewinds the tape 
is program controlled. Some systems use two tape 
cassettes, one for the program and one for the data or 
file. 

Cartridge tapa are similar to home audio cattndges 
but operate in binary as do computer cassette tapes.32 
They generally have multiple tracks and greater 
length than cassette tapes, which allow greater storage 
capacity, A cartridge drjVe is required to record and 
read the cartridges. 

Industry-Standard Magnetic Tape 

The common computer tape is 1/2-inch.wide mag- 
■ netic tape wound on reels.33 The information is 
formated so that each bit of a character fits into a 
theoretical "track." A single position on a nine-track 
tape is typically divided into' eight data tracks (using 
an cight-bit code) and a ninth track used for recording 
a parity bit (a technique used by some manufactui;ers 
for error checking). As with all tape, information is 
recorded and read sequentially. Reels arc commonly 
wound in lengths of 200. 600, 1200, and 2400 feet. The 
tape driveji record data in densities of .556, 800, or 1()00 
bits per inch (DPI), and recording capacities thus 
range from 6672 to 9600 characters per foot, 

A reel of nSagnctic tape is continuous and the 
tiriisity of a tape is constant, but determining capacity 
,s not always a matter of multiplying characters per 
f.wt times the number of feet. The data on the tape is 
recorded in blot;ks, separated on each side by intcrrc- 
ford gaps (IRGs). which help in searching the tape to 
locate particular records. The number of the IRGs 
rt-duccs the character capacity of each tape. The reels 

„l (U»AnKfta MflvUIHH,bli,h,nRt:.,,l"l74),pP Wl-'l S«»|M, PavidC. 
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of tape can be handled easily and stared manually^ 
- and they are relatively Inexpensive ^^ Because tape is a 
sequential or serial device, it is most efficient as a 
itorage mediu^n for data that are to be used in a seriar 
fashion. Inserting new data on a tape require that a 
new tape be produced. To locate a record the tape 
drive winds pr rewinds the tape until the data are 
found. This proc^ is time-consuming and inefficient 
if data are to be u^d in a random fashion. The tape 
drives are considered high-speed device (the tape is 
read at up to 150 inch^ per second)^ but they are still 
slower than the internal proce^ing speed. Tape drives 
can be used singly, but two or three iSLpe drives are 
more common if the data manipulation requires 
producing new file tapes or sorting data. 

Diskette, or Floppy EHsk 

Disks are also magnetic storage devices, but rather 
than being serial and linear Hk^ tape, they use rwo- 
dimensional surfaces, usually like circular plates -^^^ 
Data are stored on both surfaces, top and bottom, and 
each surface is divided into tracks, which are concen- 
tric .circles around the axis.^^ The two-dimensional 
shape is reflected in the way the read/write heads of 
the drive operate; they can move or be positioned over 
any part of the surface of the plate (that is, over any 
track), which allows direct ar random, as opposed to 
sequenfiali access. This freedom allows greater speed 
and flexibility in accessing stored data. 

The simplest disk medium is the diskette, also called 
the floppy disk. This single, flexible (hence "floppy *) 
pl^tc is made of a Mylar material A paper or plastic 
envelope or jacket houses the disk and^ is^ never 
removed, even when the disk is mounted on ihr disk 
drive. The disk is rotated inside its jacket, and a hUh in 
the jacket exposes the tracks to the recording head. 
Floppy disk drives vary in sophistication and cost from 
low-speed, low^capacity units to high-speed, high= 
^ capacity units with a top capacity of 330,000 bits and a 
transfer rate of 1.2 million bits p<-r second. Disk drive 
units are commonly sold for one, two, three, or four 
floppy disks. The choice depends on the application. 

Ai^hs^/i on AftmwmptitfTi^ p 
Hollingwfirth, ^fmitfimptdgti, \y J4 S^r 
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Fixed-head Disk 

TTiesa disks are rigid, circular plate and are larger 
than diskette. The read/write heads are deigned so 
that each track has its own head. The program 
determine which track to read. Diste are the fait^t, 
ma^ storage medium, but not the larg^t in storage 
capacity, and are more expensive on a c^t per 
character basis. Fixed-head disks are mounted individ= 
ually, like floppy disks, and are used in multiple if the 
application warrants. 

1* 

Movable-head Disk 

A movable-head disk is so called because one 
read/write head movm acro^ the disk to the track 
d^ired.3^ Then the data are read or written. The time 
it takes to move the head makm this type slower than 
fixed-head disks, but once the head is located over the 
track the data transfer rate is the same. Movable-head 
disks are generally packaged with multiple disb per 
unit es A disk cartridge usually has two or four 
surface, and disk packs have 10 or 12 surfaces. Each 
surface has its own read/write head mounted on an 
arm a^embly, This arm moves m a unit when a track 
is selected, which means that if one head is over track 
two on one surface, all arms are over track two on all 
surface. This amount of data — one track of data 
from each disk surface — is called a cylinder. The 
stc^age capacity of each unit can vary up to more than 
20 million words.^^ 

Man/Machine Interfaea Devices 

Man/machine interface device are so named to 
avoid confusion with the general class of peripherals 
called input/output device. In computer jargon, an 
I/O device is anything that introduces digitized data 
into the mainframe (CPU and maifi memory) for 
processing"^ (I) from the mass storage device that 
reintrcxluces the data, (2) from another system via a 
telecommunications line, or (3) from a terminal device 
with a keyboard to allow a human to introduce data 
into ih^ystem. To the layman, input is not defined|p 
broadly; it means converting source, or human data 
into machirfe readable form and transmitting it to the 
computer for storing and/or proce^ing. There arc 
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several ways to categorize man/machine mtertace 
device: low-speed or high-speed; hardcopy or softco^ 
py; offline or online; batch or conveoational ; input 
only, output only, or a combination. 

Punch Cards 

Punch cards as a man/machine interface function 
aj dented in the ma^ storage discussion. Keypunch 
machine dre used to convert the source data into card 
format. The machines arc slow and c^tly in staff time. 
An average speed is 6,000 keystroke per hour. One 
article states that no new system should be deigned 
around keypunch machin^.^* The use of punch cards 
for transaction records or reentry records still do^ 
have merit, however. The card reader usually is used 
as a remote batch terminal and, as described earlier, is 
a low^speed device. It can be used for input only. The 
^rd punch must be used for punch card output. I his 
would be limited for mass storage or reentry 
documents, such as those used in serial and circulation 
systems. 

Paper Tape 

For converting source data to machine-readable 
form, paper tape punchy like the Flexowriter are just 
as. outdated as the keypunch^, (Paper ta^ is some- 
time combined with teletype units; this will be 
discussed later,) Paper tape does not have the transact 
tion or reentry capabilities of punch cards and is not 
human^readable. The readers are faster than many 
card readers (2,000 characters per second for the top of 
the line) buf are still considered low-^speed devic^. 
Paper tape can handle^upper- and lower case charac^ 
ters but must use shift codm. which slow down 
conversion and make software more complicated. 
Paper tape punches driven by the computer are suited 
only for mass storage or for interface with other 
systems. 

Key-to-Magnetic-Mcdiim Stations 

The two main types of key=to=magnetic=medium 
stations are key-to-tapc and key to^disk stations/*^ 
There are now key-to<a.^s€tte=tapc units and key to^ 
floppy^disk units. These stations can be used as 
. standalone, independent units or in a multistation 
configuration with a shared proce^or They operate 
offline from the host computer. 1 he Input data are 
gathered and|)cn read into the host system in a batch 
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Th^e Stations can be used for key^to-maM^itorage^ile 
purpwa if their output is compatible with the system 
ma^ storage device(a). Multistation units feed the 
input into a single storage medium (e.g., tap^ or dwk), 
^cause inptit generally must be ^uenced before 
or as it is entered into the host system, mulustation 
key^to^tape units are not at efficient (it is difficuU to 
control the input from the various stations to achieve 
the proper sequence) as multistation key- to^disk units. 
Originally called keypunch replacement equipment, 
key-to-magnetic^medium stations ha^ many more 
capabiiiti^ythan keypunch^. They perform such 
functions pi error deletion, editing, formating, and 
merging ^w and old data. When the shared proc^r 
in a multbtation key^to-disk Unit is a miciwomputer, 
more functions can ^oerformed, «pacially in the 
area of arranging ditS(rinto formats: p^itionmg, 
generation of blank or skip fields, left lero filling, 
duplication, and code conversion, 

Timsaction Recorders 

A number of device are used to capture data at the 
source or point of contact ^3 They make use of already 
prepared material, although not all can be called 
rcentiy records, A light pen that reads bar^encoded 
("zebra") labels is one example, A unique number is 
a^^igned to each item (e.g., order, book, or movie . 
projector) and is recorded in a machlne^readable file 
that is part of the data base. The numbeis are 
cKpr^ed in unique patterns that are printed on labels 
affixed to the items. To record a transaction, a light 
pen is passed over the label and the pattern is 
translaied^into electrical impulse, which are matched 
against a reference table. The number is then trans^ 
mitted to the mainframe for proc^ing. One available 
opticaUcharacter^recognition (OCR) wand allows 
online OCR data input from source documents (or 
labels) printed in special opticaUcharacter^recognition 

type. , 
Some data collection stations read reentry records 
and combine the data to create transaction records. 
One type is the badge/card reader used In circulation 
wstems The patron's badge is prepunched with a 
user's number, and the book information on an. 
already prepared punch card is housed in the boold 
The data from these two source documents are read 
and transmitted along with any pr^ei or^manually 
keyed data= Several models have different capabilities 
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characters per line. As a character pa^^ in fr^nt of the 
hammer for the column in which Jt is to appear, the 
hammer is activated and the chamcter /'is pressed 
against the ribbon, leaving the impre^ion of the 
character on the paper, . / 

Because chai^printere have separate hammers for 
each column of print. It is possibly to inqreasa the speed 
hi print by increasing the availability /of characters on 
the chain. That is, if the chain oint^ns the comjplete 
set of symbols a single time, each hammer p^ition 
potentially could require a complete chain revolution 
before the character it require wriuld appear before it. 
By increasing the chain to.tu^o complete sets of 



and levels of sophistication. IBM pioduc^ a number of 
th^ units, including the 1 03 1 , 2790* and 5230. 

Printers 

Printei^ are one-way (output only) devic^.'*^ They 
provide human-readable hardcopy information, often 
in batchy. There are many variations of technique to 
achieve printed output; each has its particular advan= 
tage in cost or quality. There are also many variatio^ 
in the fonts of the printers. Not only is the design of 
characters quite different, but the selection of symbols 
available also varte. For example, some printers 
cannot display lower-case data and ^ost cannot 
display the diacritics required in library applications. 

There are two basic typ^,of printera: impact (where 
ink or carbon is caused by pressure to adhere to paper) 
and nonimpact (where electrical or electrostatic mech- 
anisms are used),^^ The simplest impact printer is 
the serial or character printer which is basically a 
computer-operated typewriter. The character are 
printed one at a time, and these printers are very slow 
(10 to 180 characters per second). 

Line printers are so called because they print an 
entire line at a time instead of a single character This 
is accomplished by using^ multiple print ''heads" or 
elements, A drum, or ^pri^t. wheel, printer is composed 
^ o^m^^a^f^t^m wffc^s ^ are po^ibfe character 
petitions in a line.^^ For example, if 1 20 characters per 
line were possible there would be 120 rotary print 
wheels, each with all the possible characters, each 
capable of rotating independently, and each with its 
own hammer mechanism. At the time of printings all 
120 print wheels would be positioned to represent the 
data to be printed in the line. These devices print 
about 150 lines per minute. Because of the inherently 
limited dimensions of a drum wheel, these printers are 
- usually limited to upper^case fonts only. Further, the 
print is genjcrally of lower quality due to ptK)r 
alinement (the lines usually wave). 

Chain, or train, printers generally provide the best 
print quality at the highest speed In this type of 
printer^ the print mechanism has a continuous chain of 
characters which rotates between the ribbon and 
hammering mechanism. The immber of hanunering 
positions determines the number of print columns that 
may^be displa yed — most commonly thnrc arc 132 
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)lsj the maximum n6mb^^ of potential rotations 
is reduced by half. / 

There are limits on the physical length of the chain 
which limit the number of complete sets that dan be 
placed on the train. Also, the number of symbols to be 
represented affects the number of character sets and 
therefore the speed. Printei^ with limited fonts are 
faster than those with more extensive fonLs, Typical 
printing, speeds for nilnicomputer chain printers are 
100, 200j 300, and 400 hn^ per minute. Speeds in 
exc^ q| 1 , 1 00 lina jier minute generally are limited to 
large-scale computer. 

Impact matrix printera use rows and colAimns of 
wires, the tips of which compose a matim of dots, to 
construct the print images. Each dha 
sen ted as a specific arrangement of dojsj produced 
extending the appropriate wires in the matrix agair 
an inked fabric ribbon to print the characters u- 
papen Common units have 1 20 characters per line and 
print at a rate of 500 or 1,000 lines per minute. 
Nonimpact dot matrix printers commonly use a heat- 
sensitive print head. A matrix of dots composes the 
characters. The dots are produced by electrically 
charging the wire tips, which darkens a special heat- 
sensitive paper, leaving the outline of the symbol. 

Interactive Man/Machine Interface Devices 

Interactive man/machine interface devices are a 
class in themselves in that they must meet certain 
requirements. An interactive terminal must handle 
means for inputting information and displaying infor- 
Illation back from the mainframe almost immediately. 
To l>e interactive means to be under direct Control of 
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the GPU. To be online means that the transaction is 
going into the syitem tod being proceed at that time 
(m opp<^ed to batchy of transactions gathered and 
entered later). It often mearmteing in a time-sharing 
environment v^ith multiple users. 

To be conversational means that a dialog is being 
executed between the man and the con^puter prograrns 
— qu^tions are asked and answered; prompts are 
given to aid and control the input; errors are detected 
and corrections accommodated on the spot. As a 
poupi interactive terminals are not suited for high- 
volume capability — for either input or Output. An 
individual; one-tranBaction^at-a^time mode is the most 
common and most efficient,^^ 

Keyboard/Printer Temiinals. The most common 
interactive terminal, and indeed the most common 
peripheral used on minicomputers* is the Teletype, ^ 
The Teletype unit is made up of a keyboard and a 
typewriterlike printer The keys print in response to 
the manual keyboard or on signal from the computer 
The Teletype is a bw^speed device that performs serial 
data transfer (one character at a time) with full or half 
duplex transmissioh. The speed is 1 10 BAUD ^r the 
transmission or 10 characters per second for pruitmg. 
__Th€-input rate is limited by the speed of the keyboard 
operator, which average about four characters per 
^cond. The Tefctype controller converu the serial 
data into paraliel for transfer to the CPU and back 
from parallel to serial to transfer data from the CPU to 
the Teletype, 

Teletype units come with various optiom, Some are 
equipped vyith punch tape reader/punchts, allowing 
buffer-type input, which can increase the rate of mput 
and allow offline data preparation. Some are equipped 
with faster printers, such as balUtype SelcctHc printers. 

There are other manufacturers of keybcjard/pruiter 
terminals, and their units vary in options, functions, 
speed,: ripise, and cost, Some arc portable and are 
equipped with acoustical couplers to allow telephones 
to be used to connect to the "mainframe. Some use 
cassette tapes for even more sophiHticated buffenng; 
this type of terminal allows a permanent hardcopy 
record of the dialog with the system as well as any 
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formated output pr^uct, such as a printed report, 
table, stencil, etc. 

Keyboard/pisplay Temlimls, The display for th^ 
terniinals is **softcopy," or images that appear on a 
cathode^ray tube (CRT) screen.^* The principle is 
similar to that of a television set where electronic 
impulses are painted on a screen by a "gun," There are 
two typ^: alphanumeric and graphic. The alphanu- 
meric type uses a matrix on a maskito format the 
imag^ on the screen. Only a predetennined character 
set can be displayed; some CRTs can display upper- 
case letters only, some can display upper- and lower- 
case lettei^ and a few special characters, and only a 
few can handle diacritics. 

In general, GRT^ are more flexible, faster, and 
quieter than printei^. CRTs have a great range of 
capabiliti^ and sophistication. The simplest arc 
nothing more than Teletype replacements. They are 
character-oriented, receiving and transmitting one 
character at a time. In fact, these CRTs plug into the 
^rry control board, and the mainframe is unaware 
that the device is not a Teletype. Data are displayed 
faster on the CRT than if they were printed on the 
TTV, because the print mechanism does not slow it 
down. 

The vapious features or options a .CRT canj|aye 
include the ability to '^buffer" characters into Wocb 
for faster, more efficient transmission and the ability to 
display an entire page at once instead of using the 
^^scrolV method, which displays one line at a time from 
the t^ttom of the screen up (pushing the top line off 
when the screen is full and a new line is displayed). A 
CRT may have a cursor, or special symbol, that may 
appear m an underline, a reversed image character, or 
other symbol superirnposed over a line position that 
indicates the current operative (sf^ition on the line and 
can be "^spaced forward or backward to position the 
next character to be input Another CRT feature is a 
directionaUcontrolled cursor combined with an inter^ 
nal n>emory to perform edit routines such as 

L Character deletion (the ability to delete one or 

more characters from the CRT memory) 
2. Character insertion (the ability to insert one or 
more charactei^ in the CRT memory) 



TcriTunii!^ Part T" pp. 61 7i 



45 



3, Character sutetitution (the ability to substitute 
characters in the CRT mcmoiy) 

or to move to any location within the screen in a 
fomiat mode to enter data, m with a form to "fill out" 
. for data input.- A CRT may also have prograin- 
controlled use of visual effecu such as reverse video, 
blinking, and foreground^background contrast (high 
and low intensity), CRTs vary in number of charactera 
per line and number of liries per screen. Some CRTs 
have no control functions at all and are controlled 
completely by the CPU. Some have some control 
functidps that arc hardwiredl (for example, function 
keys), Some have chips (ROMs or PROMs) thai have 
predetermined control functions. Some have address- 
able internal memory and logic to be user pro- 
grartin\ed by a programming language. 

The CRTs slide over into the category of intelligent 
terminals or even microcomputers. Some key- 
board/CRT terminals have the ability to have an 
additional peripheral "hung on'* to them. One com- 
mon option is a printer, so that what is displayed on 
the screen can be printed on request. Input devices 
such as OCR wands or light pens often arc combined 
with keyboard/CRT terminals for special applica= 
tions. 
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naP' is used in many ways. The following arc often 
called "intelligent terminals". : programmable interact 
tive CRT terminals, shared processorH for multistat ion 
key-to-disk systems, and small, .single-application 
miniconiputer or rnicrocomputer systems, f'cir the lerni 
to be accurately applied these minimum characterise 
tics must be met/^'^ 

• Self-contained storage; random access memory 

• User interaction with the terminal itself 

• Stored program capabiliEy 

• Processing capability at the terminal through a 
user- written program 

• Capability of online commiinications vvith anoth- 
er intelligent terminal 

m Human-oriented Input, such as a keybmrd 

• Human-oriented output, such as a printer or a 
CRT 

Intejligent terminals allow same pomt-of-.sourac^ or 



local, proc^sing. Small files can Ik: accessed on the 
spot before data input. An iiuelligent terminal can 



perform eKpanded editing funcdonSj and data com- 
monly are trahsmitted to the mainframe only when 
completely edited. AJ^, jnielligent terminals often 
perform the communications control functions, freeing 
the mainframe proctor for other tasks. 

Input/Output Connections 

In the most basic minicomputer systemsj the peri- 
pherals are connected to the mainframe by cables or 
hardwire lines because the mainframie is small and 
usually Jocated close to the peripherals. Even when the 
terminal is in another room^ a cable connection can be 
made. Theoretically, there is nq limit to the length of 
the cable or the distance between the peripherals and 
the mainframe, although some devices have maximum 
limits, ^er great distance, boosiei^ or repeaters are 
used to amplify the signals. 

There are times when a direct cable connection is 
not feasible- instead, data ^mnunications or telecom- 
munications are used,^^ That is, the connection is 
made over telegraph- or telephone-type lin^. The 
computer signals have to be formated or structured so 
that they can be transmitted over these lin^. In most 
cas^, the lines handle analag-typ6 frequency wavaSj 
and the digital signafls must be converted. A modem 
(modulator-demodulator) otdatasct is used t© convert— 
the signals at each end. The transmi^ion must match 
the bandwidth and the range of aJlowable bit rates of 
the line. 

The mode of communications can be asynchronous 
(start -St op) or bisynchronous (binary synchronoua), 
and the transmission can be duplex or half -duplex 
(one way or simultaneous two-way communication). 
The connection of the lines can be on a switched or 
no n switched (point-to-point) basis ^ and contact be- 
tween ''stations" can be established through a conten- 
tion system or a polling system. The entire data 
communications process requires special I/O control- 
lere-, inierfaces, channels, acoustical couplers and/or 
mcxlems» proper CPU instruction sets, and special^ 
systems software. 



SOFTWARE 

Minicomputer software has been notoriously lack- 
ing for general consumption. Until the, last 2 or 3 years, 
a limited amount of software was commercially 
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availabla; m^t had to be prepared for each system 
application. System software provided with the equip- 
ment was often %pAHc, and additional moduta had to 
be purch^d m options. This condition changed 
somawhat, but on the smaller systeirts (snch as 
rfiicrocomputers) there is still littl^ comprehensive 
sotrvvar^ available^ 

The jamount of software available affcctJ the deveU 
opmani time in preparing an apphcation system. The 
sophistication of the system software can affect the uses 
of an installed, ongoing system, even though much of 
the support software is for use by the program- 
mer/designer. 

There are two basic kinds of software; systems and 
appHcations. Systems software is an umbrella term 
that covers programmer^support software, assemblers, 
compilers, and operating systerns. Application software 
include general purpose package and the final usei- 
specific program 

SYSTEMS SOFTWARE 

Corey explained minicomputer manufac turers' soft- 
ware* starting with the simplcsi versions and moving to 
the most complex. He classed the simplest software 
'as being made up of four programs: the b^tsirap 
loader, the loader, the, assembler, and the debugger. 
The GML Minicomputer Reinm lists the minimum 
programs for a minicomputer as diagr|osti^, binary 
loaders, debugging and utility routine^, and editors.^s 
The most b^ic types of programs are used by the 
programmer to make the hardware work and create 
a new program. 

Program Davalopmlnt Aids 

Assemblers ^ 

An asscfnbler relieves the programmer of the ta?^k of 
coding ^ machine language program in bi tuny or 
octal^^ The assembler translates a rather low^lcfvrl 
mnemonic source language program mto an objen 
language program, whirh is thr mat hine lani^iage - 
usually on a one-for^one. instrut inm forMnstruction 
basis. The object code is expressed m an absolute 
addr^s (that is, a specifically assigned memory ItAa^ 
tion). An enhancement available for an assembler is 
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production of a relocatable forniat or addre^ that can 
be loaded into and executed from any area in main 
memory.^' 

Some manufacturers have, as ah option, a macroas- 
sembler. For this type of assembler, the user-defined 
mnemonic codes for oi^rations reprwnt multiple 
instructions in machine language: A macro represents 
a formal sequence of coded instructions and, when 
evoked, results in the entire sequence being entered in 
machine language,^^ The length of the program in 
memory is not shortened but it do^ save some of the 
programmer's time. Crc^-system assemblers are avails 
able from some manufacturers, 5^ These ^ allow the 
actual assembly of minicomputer pro-ams to be 
performed on a large-scale computer system and then 
mounted on the mini for execution. This process is. 
faster and more efficient and can save memory In the 
mini.^o 

Loaders 

The computer hardware knows" nothing not 
how to use % program, and not even How to accept 
input of the program.s^ When a minicomputer is 
turned off, or powered down, it returns to this ignorant 
state. A hardware device can be used to load memory 
with a program, or a softWare program called .a 
bootstrap loader can be used. The bootstrap loader is 
used to specify the data to be deposited knd the 
memory address where the data are to go. It is a short 
program and actually is used to load the absolute or 
relocatable loader program, which is a longer, more 
comprehensive system program used By the program- 
mer to load programs into the memory locations. 
/ When this loading is complete, the control is taken 
/ over by the regular (i,c„ newly loaded) program, A 
linker^oader or a Hnkafe editor is used to keep track 
internally of where the various programs are located in 
main memory knd allows them to be Unked mto 
mcKluies as required for a total program. 

i 

Editors 

An editor is of value in creating programs. A set of 
command Words and the instructions they represent 
allow the programnfer to create a new program (rnore 
accurately to enter a new program previously designed 
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mnd coded) with aids and prompts or to make change 
to the prograrti previously written without starting 
from scratch (without reafiscmbling). . One type of 
editor is the line editor which allows lin^ of the source 
propam to be added, deleted, or modified.^^ Another 
type is the string editor which allows the proframmer 
to add* delete, or modify character strings. The most 
comprehensive is the text editor which retrieve 11 of 
text from a file, allows the programmer to correct the 
text by inserting or deleting characters or whole lines, 
and returns the corrected liri^ to the filers Text 
editors are used online in an interactive mode, which is 
the most sophisticated m^e. 

Debuggers , 

A debugger program helps the programmer deter^ 
mine what is wrong with the program. Although the 
assembler can check for and detect syntactic crron, 
logical errors are usually found only when run on the 
computer.^^ The debugger program allows the pro- 
grammer to view the internal processes and conditions 
of the computer as the program is run. For example, if 
the program stops due to' a fatal error, the debugger 
program provides '^extensive information alxiut the 
State of the machine at the time of the fajlure/'^^ ^ 
online, or dynamic, debugging progrllm allows the 
programiner to perform the following tasks. 

1 . Start a progrt^m ■ 

2, Suspend its execution at predeterniined points 

3. Examine and mcxJify the contents' of memory 
words and registers 

4, Make additions and corrections to the running 
program using^either symbtslic or octal code 

This is the most efficient way to debug a new program 
or repair problems in an existing program. 

DiagnosUcs 

A diagnostics program is unt^d to test the c^uipnicnt 
and determine if it is functioning tpr^t tly It can be 
used as part of a maintenance^ prcVf^dure or, if. 
problems have arisen, to determine if there are 
hardware stresses or malfunctions or memory stresses 
or problems and to locate and identify the problem 
areas. 

Bardcn, ^^fmifPfn^fif^Ti ^ AfimJi^ffl^/ffi p / 

Ciirry/'Ckirifigiiraiiiifii) antl ^iftw i-i % 

, ^* Kckhnijii^, iWini£tj/n^« 3>i(rnrt, p 221 
^"^ (^firry. "C k^nfigurailnn* and SofiwArf-,"' p 2^ 
^ tUrkhiMi^e. MmuimptUff Syxtgnis, p i-l'S 

Ckirey, k}nfi^ir.innns and ?H>ffwarF/' p 1*1 

Auifhath OH Afmiamfnilffi, p ^>^) 



^ 47 

Utilities 

Utility programs are programmer 'aids that handle 
certain recurring functions, such as®^ ^ 

• Moving data from cards to tape or vice verta 

• r^oving data from qaxds to disk or vice vf reA 

• Moving data from tape to disk or vice versa 

• Moving data from cards, tape, or diskfto the 
printer. 

Th^e programs generally perform such routine opera- 
tions as moving, printing (listing), or dumping data, 
which can be performed without manipulation or any 
recognition of speciiFic file format. For example, an 
80/80 listing is one in which data on 80-coluinn cards 
are printed as punched. The programs also perform 
general system maintenance, such as disk space 
allocation, system utilization accounting, and con- 
struction of program librari^. 

Subroutine Libraries 

Some small programs or subroutine are written to 
handle mathematical functions and are called up or 
linked to the application program as needed,^® The 
common on^ for minis are ior fixed-point arithmetic 
(multiply, divide, double precision), floating-point 
arithmetic, conversion of data fomiats (decimal to 
binary, fixed point to floating point), and trigonomet- 
ric functions, The^e are specially important in minis 
because they 'enable software options to replace 
unavailable hardware features. 

Compilers 

Although a compiler- is^ definitely a program devel- 
upment aid, it is not a requirement of a support 
software system. A compiler is similar to an assembler 
in that it trahslates a>source language into object, or 
machine, language. Compiler language are highey 
level and often deigned to be used on any typd Of 
machine. Thie common standard languages are FOR- 
TRAN, BASIC, and COBOL. Each is d^ignedvfpr a 
certain area of application; FORTRAN is deigned , 
for scientific applications and any other area requiring ' 
high-level mathematical computations; COBOL is a 
busineas-orietited language and handle words, text, 
etc., with great input/output and file format fle?cibili- 
ty gome manufacturers have created their own high- 



level languages and conipllcrs to best suit their own 
equipinent (for example j DEC*r DIBOC). 

Each language has a mi of standard words or 
instructions that represent common functions or rou- 
theso are sinnllar to macro-assembler instruC'- 
tioni; Working storage control is handled by the 
languag* conventions, m arc file definitions and file 
handling. Compilen have checking features to diag- 
nose prbgramnicr errors in language use, Includmg 
errors in both semantics (meaning) and syntax 
(forTii).*^ Error messages are displayed so the program- 
mer can correct the source code and the program can 
be recompiled into executable object code. 
, Ccnipiiers arc used in several modes. The source 
prograni. can be compiled once and fetored ready to 
execute. The source program can be compiled and 
thea inimcdiately: executed (this is called compilc^and- 
'^). Some compilers arc i^WJlc\ interpretive mcxlc, 
where, each statement i^ individually executed. (This 
mode is typical in convei^ational language compilers. 
A. common interpreter Is in BASIC specifically de- 
iigiicd for interactive progranrnningj Compiled take 
space in main memory and use m^in memory as 
working storage while executing. Some compilers can 
be used only on CPUs of certain minimum sizes. On 
'source states that BASIC and FORTRAN compr 
require a CPU with ,4K to 12K memory, whil 
COBOL compiler requires ttK to 1 6K mcmory.^^> 

When compilers remain resident in memory at all 
times, a system designer must allow additional mcmn- 
ry for the, other pro^ranus and data, or the memory 
would be compiler locked (bound). As stated earlier, 
compilers are not necessary for system^. Without a 
■ compiler the programnicr could code the programs In 
assembler language. More effort would be required 
(more lines of instruction, more file and memory 
ItKation control, and less Hubroutine use, as well as 
nlore programmirig expertise^ in qrneral), but often a 
more efficient prograin tan result with maximum use 
of the CPU and niain meniory for that specific 
application, ^ . ■ ' 
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File Manaa«m®n* PW®^^ 

Another class of progrannmcr support software is 
involved wltli a slightly higher level of data processing 
of a recurring^riature — the basic operationa and 
management of flics, ThmQ operatiomj includq builds 
ing or establishing a fife ^(including definition of file 
formats); manipulating Hto and parts of fite, such as 
combining files, splitting files, adding or deleting parts 
of files; maintaining fiks (Including adding, changing, 
and deleting individual records ita a r^ult of transact 
tions); searching files to rkrieve ^Ified records of 
fields of data according to reques~riteria phrased in 
Boolean fonmk and wting files by specific elemeiit(s) 
within the records, using specified sequencing formu^ 
laaJ* These operatiorii are written in separate pro- 
grams to that a programnier can use one or several lile 
managenierit prbgrams as required for the application, 

Tlie most comprahensive file management progrann 
package is .called a data b^e management systenn 
(DBMS)^^^ It covers operations such as^3 

• Interface of airapplieations to an organizational 
ta base ; 

^catirtg ^hd maintaining fite; 
ielitiiigr retrievi ng, sorting, and rQuting data for 
applications; 

Managing and maintaining data files; 
^ Generating and formating utilization reports; 

• Providing for the Integrity of the data in the filw. 
Data base manftiement systems are used for complex 
applications with many filc^ arid file structures and 
many users. ^ 

Operating Systems 

^ Operating systeins go beyond pn^m support 
programs but are hot applications pijograms. In fact 
operating systems allow application programs to be 
executed efficiently on the cornputer hardware,'^^ An 
operating system U not mandatory; the system can be 
operated' manually by the user, but this is not very 
efficient. .An operating system is a software package 
that providbs support in the areas of program coordi'^ 
natidri, device communication, and internal and 
auxiliary storage organization. complete operating 
system perfo^^ft*«^ll functions required for pro^ 
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grammcd ^itcm controL It commuiiicaws with the 
Operator to requ^t paratnetef^ or to report status; 
loads^ links^ and.scqucnra programj for execution; 
aligns I/O devices to programs; performs all I/O 
operations; and icfvlces Interruptj/*'^'^ 

A complete operating lystcm requires a mvm storage 
device tb store prograiris and data, and each type of 
mass storage device require its own specific type bf 
• cperating system* Thus we have cawttc tape operate, 
ing systeins (GTOS), tape o^rating systeins (TOS), 
disk operating systems (DOS), and virtual (meniory) 
cpcrating syitenis ( VOS or VS), 

Hie heart of the operating sygtem ifi the supcrvisori 
or fnonitor, a master control program that remains 
raident in memory J* It is responsible for initiatiorij 
maintenance^ and tcrinination of all other programs. 
, It proc^s^ the comniunications among the user, the 
system p and the many control progranis, It also acts on 
monitor calls* validates and transmits I/O calls to 
device handlers, supervises data and file manipula- 
tions, and provides error diagnostics. A main service 
provided by an operating system is file rnaintenancei 
^pedally in the area of creating and maintaining a 
directory that eoritairas the location of all the files 
currently used by the programJ"^ It also protects fil^ 
so that data are not destroyed inadvertently. 

Operating systems are , organized differently and 
function differently according to the mode of opera- 
tion. 

1 . Simple exeadivi^ single proem. This kind of system is 
designed to handle the program Interrupts and 

: I/O control for one single application for one 
user. 

2. Single batchj^ Batch processing Js a technique in 
which jobs are collected and grouped before 
processing.. A single batch operating system links 
serially the functions or programs required to 
perform one entire procedure for one user. For 
example, to update a serials holding file, a read 
program, a sprt program, a file maintenance 
program (to update the file), and a print program 
may have to be used sequentially. The singie 
b^tch operating systerti would handle the execu- 
tion of these programs with little human intervene 
tion. 

Aiyrfbefh m AfinmmpuifTSf p, GO, 
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. 3, Multiprogmm baklu This operating systeni allov%i 
^vefal jobi or more than one batch iircam to be 
run "at the same time.*' This^emliigly limulta- 
ncous proc^ing of several programs ii product 
by the operating system's ability to tranifer 
control o| the GPU bctvyeen programs. For 
examples ^hen on© program nnust await the 
coniplction of an I/O rcqu^t, the other program 
can be e:Hccuted by the CPU. Additional sophisti- 
^ cation is achieved when an operating systpni has a 
featiire for **quantuni'* or time-sliced program 
exectition, Time-slicing involva establishing a 
fixed quantum of time for the execution of each 
program J and when the quantufn expir^j tha 
operating system transfers control to a different 
program already reaiden t in memory. 
4, Onim tnteractwefi^ The essence of an onUnc 
environnient is that the input data enter the 
computer directly from the pQint of origin and/or 
the output data are transnnittcd directly to where 
it is used, Procesiing occurs in a single transaction 
as opposed to being deferred aiid gathered with 
other transactions to be processed in a batch. This 
process requires the operating systein to perfDrm a 
different kind of control and sequencingj because 
there is not always a prcdeterrnjned sequence of 
jobs or programs. Rather, the Jow are determined 
by the user at the time of input or duririg 
proce^ing through a conversation or dialog. 
5. 7i^f-j^n>if, This proc^ allows miiltiple users to 
share system r^Q|irc^ in such a way that each 
thiiiks he is the sola user. Tinie'sharing combines 
the'niultiprograniming concapt with the onfine 
interactive mode. The computer handles several 
jobs i n a dynamic state by jumping back and forth 
between programs as required. A time-shariiig ^ 
Derating system is made up of a sophisticated set 
of control progranis **to handle the sharing of 
systerri resources, the time^slicing^ the storage ' 
allocaition and program relocationj and the basic 
servicing of the useo, teidcs the types of opera- < 
tions normally associated with an * , . operating . 
systenn."^^ ' 
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AmiCATldNS SOFTWARE 

To the usar of the computer system, the Duly 
soltWare ol interest U that which allow his data to 1^ 
proc^d to accQmplwhhisorhcrobjcclive. This user- 
specific, application-oriented wftwarc is clevelopcd 
throUj^K the use ol the systems software ; iind made 
fuiictional by means of the o^rating systcni, but the 
success of the project depends on the ra^nilvcnc^, 
efficacy, and efficiency of the applications software 
itself. 

Applications software is the crtd ot ihe systemB 
analysis/systems design/systems clevelopnient proeess. 
The flow charts and decision jabta become more 
specific to the application, until a prograrniner can 
take die material and write the actiial progranm The 
analyst/daigner will have deterniined the hardware 
conflgurationj the system specifications, the files and 
file structures, the operating mode, and the systcnn 
software that can be supplied. The programnicr then 
us^ any or -all of these to write and debug the final 
module. 

Sometimes, it is ittore efficient to base the final 
module on a general purpose loftvvarc package that 
can be purchased from the nianufacturer or an 
independent software vendor. These packagt^ vary m 
what they cover and to what degree they cover the 
functioa There arc total, comprehensive data base 
managemeiit iystems such as TOTAL, and there are 
business apjplication packages that provide 80 to 35 
percent of the programming with the remaining 1 5 to 
20 percent to be done by the user to achieve a u^er- 
ipccific module. There are also expanded packages for 
te^t^ processing, search and retrieval, and data comniU' 
nfeations. The prbgrammer must decide if and when a 
, general piirp(^e package is useful 

'Another option is the use of a cpmplete, turnkey 
applications package that can be purchased. A special- 
purpose package require the user to provide only his 
own fonnat details and information. The problem is 
locating a module that meets all of the system 
specifications for the user's needs. 

CONFIGURATIONS 

As stated previously, the specific conijxDnents of a 
minicomputer system arc detcrniincd by the applica- 
tion. Four main types of configurations arc approprh 
'ate for the lib'rary environment: a network node (often 
an intelligent terminal), a data commiinications node, 
a data collection station, and a standalone station, 
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In general, an intelligctit terminal aa a network 
riodc has a small main menrtory and a CPU ^Ith 
limited power. There is little need for mass iforap, 
The display features are importants aaare the canimu- 
nications capabiliti^^ data transfer rate, protocd, and 
mode (duplcK or half ^duplex), There may be a 
requircfnent for hardcopy output. pThe iyste soft- 
ware can be limited if most of the cbritml Is hartdlcd by 
the network. 

A data communications node has little need of a 
man/machine interface but will pibbably control^ 
many I/O dcvicesj toth terminals and other compu- 
ters/ The GPU and the I/O controllers inust be 
specially design^l for comrnunications control, as must 
also the systems software. There is little requifernent 
for mass storage. 

A data collection station can be an intelligent 
terminal or a larger unit contromng multiple statipiii. 
The unit must have enough main memory, in- 
put/output cdntrolkre, and CPU power to support 
' multiple itations, and it must have some maas storage. 
The need to output data in machine-readable form 
may require ipecial devices or a communications 
hTOkup/ THa input method must be fast andeffictent 
to handle both initial entry and error correction. 

A standalone lystern generally requires a balajiccd 
^t of components and software to match the conipteici- 
ty or ^phistication of the application. 

CI^SSES W MINICOMPU™ 

The range of equipnient and of features available 
allows almost unliniited patterns or combi nations of 
components. To provide a frame of reference, five 
/da^es of rninicohiputer systems have been developed. 
They are designed to provide support to libraries wiih 
application ranging from simple t6 complex. 

Gla^ I minicomputer^ are little more than intent 
ggnt terminals used for collection, This configura^ 
tion can doliftle rnord thtti^pture the data and write 
them out in the iame fdnm. It has no ability to 
manipulate data (for exaniple, to sort or update fite 
by resequendng Qf merging). The CPU is simple, witH . 
8^bit worcU and an 8K main memory. It can handle 
only one user and only two inpiA/putput device; one 
ma.^ storage device, such as paper tape or a ta^ 
cassette, and one man/niachine interface dfevice, such 
' as an unbuffered CRT/keyboard terminal or a 
Telety^ with a paper tape unit. Uttle software is 
provided, only an asserribler and a BASIC conipiler. 
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Clais II mifilconiputeJi can hafiitlle inorc general 
^ applications foraiiigle iiseri.MaiilpuIatirtn capabilities 
include tabulating or sunimajri^ing data from specific 
fierds in the records of the file; icarching and printing 
data; and outputtinig in the same sequence m on the 
; file but witli the data rcformated if clcalrcd. No sorting 
i^ po^ible. The CPU has either 0-bit wordg and up to 
64K main memory or 1 C-bit words witli up to 32IC 
majn meniDry. The I/O cpntrol can handle both 
programmed UO and DMA. Tlircc I/O devices can 

Kbc supported: usually one man/machine interface 
device, such as a b,uffcr«d CRT or a Teletype and 
pnnter, and two niajs storage device drives. This clais 
of nrtiois can operate lequential files with paper tapcp 
punch cards, tape cassettes^ or magnetic tapes; / or it 
can operate a direct-access file on a floppy disk (with 
up to two drives). The only communications link 
fwasible Ts a direct line to a host computer, The support ' 
software is soinewhat more cornplcte than that of Class 
I; the operating system 13 either a simple executive, 
singje-jprocessiysteni that must be totally attended^ or 
a single bktch syste^ in which one job stream can be v 
computer-controlled. The 6perating system type de- 
pends on the mass itorage device, e.g., tape or diskette.^ 

"ThfcSnpiTe7carK^^ " ~~ 

Glass III minicomputers are. geheraUapplication 
systems for singlfe users. They can handle single or 
multiple batch operatioms. The processing can handife , 
sortifig and any other nnianipulations possible in a 
batch mode with a quite large file capacity. The CPU 

: has 16-bit words and up to 64K main memory. As 
many as eight different 1^0 devices (or dqvices and 



drives) can Ije supported; and concurrent communica- 
tions are possible with a host computer dvct » i 
bisynchronous Uns, Mass storage devices can be %pe 
casseltOi magnetic tape, or floppy disks, The berating 
system v^ould handle mullipr^essing for distributed 
networking. 

, Class IV mi ni compu tere tiitroduce interactive pro- 
cesing for multiple online users with a single appHca- 
lion. They offer grfcat versatility in manipulations such 
as sorting and searching. Users can be' remotely 
located because there are fovir to eight asynchronoua 
lines, and the softvvaire necessary for controlling the 
telcconnmunicationi/^The CPU has 16-bit wordSj and 
, the main memory is either 128K real memory or 64K 
virtual memory. The input/output controller include 
' "UrO* DMAj and a multiplexer. The ma^ storage 
devic^ nov^ can include disks (fixed-head platterSj 
movaole head diik cartridges, or disk pacli), The 
opgrkting system will probably be DOS (if the big disk 
devibes are used) or VOS and an online, interactive 
ty^; The compiler can be for BASIC, FORTRAN, or 
COBOL; The system software would be a complete 
; j£k)niplement. • 
. Class V _niinicomputers^ are t^e largest, most lophis- 
^ ticaied systems. They can handIe-4tme-|haFrng for 
multiple online users, They have large file capacity 
and are very povioe/fuL The top end of. this class 
' overlaps large-scali computer classes. The CPU h^ 
16-bit w^ords and 64K virtual memory, Theo^rating' 
system would be a VOS of a time-sharing type; The 
system software would probably include a data base 
nianageiiient package. 
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CHAPTiR FOUR: 
MINICOMPUTERS---LliRARY APPLICATIONi 



SYSTEM SiLECTI ON: THE 
BRIDOE 

With the vajriety of minicximputer companenWj 
designs, and fcatut^ to clio<^ from, how docs ori^ 
select the proper syitem? Selection must start wiih ihe 
specific application and its requirements. A Bridge 
must be built connecting the ipecific rcquiremcnTa o( a 
library operation with tho detailed ipecificationa 
prepared for an RPP or a contract. This bridge niust 
he built each and every time a library choc^es a system 
because each library's reqMiretneritB differ frorjfi thim 
of others, Every bridge is supported by five columns 
-(Table-1 1)^4 J) design chamcteri^t (2) hardware 
jmpactj, (3) softv^arc impactSj (4) library system 
specifications^ and (5) the specific class of minicompu- 
ter required, Th^ followiiig sections describe the 
process of erecting these columns. 

Table II ^Design Modeli The Bridge 
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COLUMN ONE: DESION : \ 
CHARAOtERlSTICS 

In looking at a potential minicomputer application 
^r even automation in general), the first review rnust 
be in conceptual ternis that ignore the specific tasks ^ 
irivoived. , 

TTie d^ign chalrafctcristics of a system can be broken 
down into six categories,j^hich are not nccessarny 
discrete: 

• Means of inputting 

• Types of output products ^ - 

• File structure and si^e ' ^ 

• Transaction/ volunie * 



• Applicationa characteristic . 

• Interfaces to other syitems* 

Th^e design characteristic are not definitive. Not all 
will be of intcri^t In all applicatiDris^ The categories 
rcprescntp however ^ the kinds of eonsiderations that 
arise in lysiem dwign. Table 12 lists these donsidci^ 
tidns in detail. ' 

Tabi^ 12— Deiign Gharactefiitlcg 

MEANSOF INPUrnNG 
Natureof the data * 

alphanuineric * . ' ' .. 

tipper and I^iver case 

ipeclal characteristic 

^ic-way/TOnvcf^lisnal input * -^-^ — 

^srnbi'iiatlona of input devices 
Locatjon of input itatJom 

Multiple pniineuscrB ■ ■ " 

Outside ioufces ' ^" 

TYPES OFOinrPUT PRODUaTO 
Hardcopry ^ 
upper and lower cascg diacritiGS 
ipeclai fDrm^tequifeiTien^ (carditockp mullipart fomiSi 
muUlple copi^, el€,) 
biapUy 
char aster ^ta 
%\zm of display 
feature 

scroti or block # ^ * 
Carnblnatlon hard^py and display 

Machlne^readable output ^ 
cutgoing csmmunicatioiis Hne 
niachinE^^adable form (offline) 

FI LE STRtJCTURE i\ND SIZE 
. Structure 

se<)uentjal 

direct acG^ 

Size . ' . . ■ 

large niinibcrof character! 
number of eharact^ required at one time (online) - 

TRAJ^SACTION/VOLUME ^ ' 
Exparuion and growth ' 
Peaks and pr^ure ^intj of activity 

R^pQnietiitie " * 
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TmUM 12— Peilgn C hiimcteriitici-Contlnueci 

^p9U0AT^om oHARAamRisTias 

Sorting/dUiM nuuiipuUtioit^ 
hAturef numeric or bibUogrsphk ' 
iinduitt (numbtf of r^ordi) h. 

b«teh ^ , 

Bcole«n lagiG ^ 
free text 

nAmeroui ftdcen pointj ^ 
atlline interactive 

, Bcoleanlogie ' 
free text ^ 
nuin^roui Accetl poinU , * 

multiple Uiert 
. 0p0dal input/output hmrdware 

light pen, badge iwler, OCR acaiirier, etc. 

liefnoteacMi 
R^poMe dme (onJinc) 

INTERFACE WITH drtlER 
Offline interface f 
C^ine interface 

l^b to multiple lyitenw _ _ _ _— ^ 



Mmhs Of Inputting 

T^e input to a system involve gctd data from 
its WMtce into the computer — from human-readaBIe^ 
bmi into niachine'rcadablc form. This is where the 
htJinfn interfaces with the nfiachine. The real impact 
of any automation effort is felt hefie first amJ cannot l^ , 
eliinlnaM entirely, The best that can be done is to ^ 
make the means of inputting as efficient as possible, 
' Input in its lat'ger sense inclucies the entire data 
handling proc^i data capture, transcription, keying, 
verification, error correcting, and sometimes tranBmis- 
aioii for proc^ing. It has been estimated that up to 50 
percent of a data proc^ing budget can involved 
-with data handling.^ This proportion is true for the 
librkt7 also, Cox, Dews, and Dolby wrote that ''in a 
computer systeni, tKe most time-consuming and cKpen^ 
aive single operation is probably the original prepara- 
tion of the data in a machine^riadable formr* Ways 
to reduce the costs include reducing the amount of 
manMal handling and rehandling of the same data, 
increasing the ease of both data ''keying" and data 
editing/correction; and increasing the speed of data 
**kcying," **reading,*; and '-transniitting.'' 

Attention must be giv^, to the. impact of the 
inputting on the computer iystem as well as the impact 
on the library staff who must perform it. Soryietimes 
the tvyb areas conflict^ and compromise must M made. 
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MEANS OF INPUTTING 

# Nature of the data 

# One-way or conversational iripwl 

# Combinations of input device ' 

# I^atlon of input stations 

# Multiple Qnline users _ 

# Outside sourcca. ' 

Library data are quite complicated m data proems- . 
ing ternia. They are mainly alphabt W wUh requirCT 
nients for upper and lower casc> special charactari such 
as tliacriti^, and different t^pe lom mch m bold, 
light, and italics. Hay^ and Becker pint out that in 
the library a nurnber of major categoric of diita can be 
coniplletl: management data, ciirauUiion data, cata- 
logitig/indeKing data, selectioh/acquWtioris data, and . 
tcKtual data.2 AnalyElng the li^twm of the data 
involved in the new system mIty dktMa the use of some 
equipment or militate against the of other devices. 

One-way inpur involves transmitting data to the 
computer without receiving transinia^ion back at thq 
tifTie of input. One-way input genar^ly is used with ^ 
batch processing. T^e initial data converiion docu- 
ment IS prepared offline, and the d^ta are gathered 
into agrouporbatch and thin ^ 
system as. high^volume input. Anb th^n form of one-way 
input is the use of a light pen to read l^r code labels In 
an pnline modef AJthough a light is often u^d to flash 
an indicatloh that the data were r^JDeived, this method 
is basically one-way as opposed to convcrsationaL 
^ Conventional input is a featur^ft interactive 
processing mode. Input often is in tht torm of a dialog 
tetwcen the user and the progriini. Qa^stlions are 
asked and anewered, display forW are filkd out* 
problems are noted and corrections prompted. This 
type of input requires a device th^t handleU%vo- 
way conimunicationi — both input and output. This 
method can case the editing aii^' error-correction 
problems of input, but it is slower and in^rne systems 
ties up the GPU: li the volume of input is heavy, it can 
bind up the systemif precautions ar^Wt taken. ; 

Sotnetimcs applications call for ih« use of mora than 
one type of input (for example, ii light pen pi u^ p 
Interactive terWnal for circulation a catd reader for 
reentry recordi and a key-to-tape station for a serials 
system, or a magneuc tape reader for MARC II 
^distribution tapes and an intelligent terminal for 
cataloging input). Each devi^T^Used one at a time, 

of. tht ampule m thf Ofgani£niiofi md Ifanditng of 'JnjmMm^ m Libfurtts (l^cwcaatlj 
(Uh An$t\mi Mdviile Pybliihirtg Co., 1974), pp. ^ 
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but the fact (hat there is more than one type mmi be 
Considered* i • ' 

The phyiical locations of the various input stations 
also must be considered. If the input k handled lit a 
point next to the mdirifrafno^ one kind of cAhnection k 
proper. If it is handled at a remote I(K:uiionj more 
^ sophisticated connections may be required, 

If more than one user must enter data at the same 
time, the system must be dfcsigned to handle more than 
one input line, This problem occurs in the online 
' interactive mode hnd h really a .wphi^ticatcd require- 
'ment. From thfe user's standpoint^ however^ it may be 
the key to a truly useful system, 

Because of the time and ex^nie Involved in data 
conversion, it is important to enter information in 
machine-readable form available frorn outside sources 
' whenever possible. Input may be in an online, 
cpmputer-to-computeri or an offline, read^on-request 
environment. 

Types of Output Proclucta 

The output products of a computer systeni make the 
fesults of data procesiing availablc for use by hur^ans 
or by another computer systeni. The form of the ouSput 
and the amount^ fpfmatj sequence, frcquencyj aKd 
pefmanence of the inforrnation supplied by the 
computer all have bearing on the system itself. As with 
ihputi the special requirements of library data must be 
considered in selecting output devices. It is important 
that the products called for be thought out carefully in 
terms of the new system, and that they not be mere 
replications of current manual products. For exaihple, 
is there any need for a weekly books-on-ordtr list if the 
on-order file is available through online, direct access 
at any time? ^ 

TYPES OF OU I PUT PRDDUC 18 

• Hardcopy 
f Display 

• Gombination hardcopy and display 

• Macliine-readable 

The best known type of hardcopy output is the 11- 
by- 14-inch continuou.s-form printout prWuced by a 
computer-driven printer. Other types of hardcopy 
products are appropriate for sqmc applications: card- 
stock, stencils, multipart forms, s^tandard BVy^jy-il 
bond stationery, and 2-, 4-, or, 6-up continuous-feed 
pa pert The quality of the type can be mtica]. Most 
hardcopy output is used internally by thc^aff and for 
limited periods of lime, but such products as computer- 
produced book catalog pages and catalog cat^ds are 



more [icririan^ifU and ^arc used by the public; they 
require grcwtcr legibility an3 better ^thctics. If large 
amounis ofl h«rdQ:opy outpiit are required^ the speed of 
the output devices bccomcJscrlticaL The system can be 
output'fKJiUindi 'i^thc device are too slow. 

Display ouljpu^ (a visual image on a screen) is often 
used in i^nline^ iriieractive systems, It is usually 
combined with ia keyboard device as an interactive 
terminal. Tlic diaplay device must match the require- 
ments of the niiture of the output data Und the 
requirem<drtt^ of Uic system fh expressing or formating 
that data. ( 

A combinMlovi of hardcopy and display output is 
used w\\m^ ihw is a nt*ed for a permanent record or a 
special hardeoj))^ fonn in an online interactive system 
that usc.^ fi CRT4y^ keyboard/display terminal for 
conversatioifi, A printer is combined with the 
CRT^kcyboard unA, sometime for simultaneous 
output and lomclima as a print-on'request slave. 

Machimt-re^idable output is used to allow ..two 
computer lysteTO to "talk" to each other. Output from 
the system %\}m h used to send to other systems for 
further proo^iinigj such as COM production or 
photocortt|5^iti«n, 

File 8trw0fur9 and Size 

The intelkctua] content of the systemj the data that 
are input, pwt^sed, referenced, maintained, created, 
and output,, is iTilide up of data elements handled as 
siibfields or Md^, Rolated fields are combined into a 
compietes logJcaJ'^Mnit called a record. Similar records 
are combined into a file. The order of the records on 
the file is cal W tJie file structure. Common structures 
are sequentiaJjj linked, indexed sequential, direct 
access, and raftidoTti accc^. ^ 

I he type «f fife structure selected usually depends 
on the si^e of the file (extremely large files almost 
always ararnia^intiMined on magnetic tape and therefore 
in a type of J^tquential structure) and the nature of the 
operations conducted on the file (the kind of pelting, 
referencing, aeid updating), A programmer can define 
the files m recjiiired for the most efficient proce^ing for 
the appIicafiiDrt. There are different types of file^: ^ 
master fito, transaction files, input filers, output fite, 
intermediate^ fite^ and reference fil^* One enormous 
file can be dehncd if desired, or a series of files can be . 
defined with m redundancy and Jinked into an 
intcf rated data base. The way the fil^ work against 
one another during processing also must be considered, 
In any ca^^e th^ U\m do affect the^computer d^ign.= 
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FILE ™UCrURE AND SIZE 

■ ' DiNifiit Access 
■ • $im ' ■ 

Ttttal rtamter of characters 
Nurnb^ir oi characters required at one time 
A icquaniy lite can be handled on any types mmm ( 
storage di^ice. The device lelected depends on auch 
clement m apc^ eaac of handling, and cost. Sequen- 
tial files typicaU)! ^rc used In the batch mode. 

A dlracl iic<^^ file generally is used in iheonlme 
interacUve inrtod^ and c^n ^ handled only on a disk- 
type ma^sJitomgc utiit: floppy disk, fiKdd-head diaks or 
disk pack. 

^ The %m oJ El file can affect the system dcftigri. 
Although a h^rciware configuration can be put lo^^" 
er to support W Cinormous file online on dl^N; it 
becx>mes iaordiMtcly and prohibitively cKpenmve, 
Instead, $l^m but cheaper, magnetic tape is of I en 
used> Eaw mm storage device has a maximum 
capacity,. the iizQ of the file in character^ cm be 
ilsed to compw^e the number of mass storage units 
required. For an Oiiline system, thrnumber orcharac^ 
tefs that mmt he accessible at one time can inf>ucncc 
the decisiars ^boui which mass storage device ta use. 

; i : ... ' : ' y ' : ' ■ , 

TransaiStlori/Voluma 

The ipapadty of system, or its total mge, is 
important of c6urse. Howevef, in many cases a more 
critical conHidemtian is the peak load at any one li rne. 
For ep^ampk^ it is important to know the total 
circulation tmnsactions per yiear, for counters and. 
statistia parameters, but more important "^figura are 
the largeai mmb^t of transactions outstanding at my 
one time (for file capacity) and the greatest numSwrof 
borrowers at one time (for input device knid). 

TRANSACrnON/ VOLUME ^ / 

• EKp^n^ir^n and growth y 

• Pea ks ain d p nessu re poi n ts of ac t i vi t i es 

• R^spom^timc ^ ^ 
Although muiicomputers need not have the lileapan 

of large-scale cOEnputers and therefore do ndt have, to 
be inmlled wi^h a capacity to handle » long- range 
future ffOwthv tfKpapsion and^rowth should be 
considercci So^x^ hitrdware can^andlc only one 
input/outpuid^viet:; some can handle only oiieiiiser at 
a umc; ^omc CPUs can be expanded to only a mmln 
memory limit; mme l/Q controlSi can drive orily as 
many Imx devices. If growth or cxpansiori is 



required and the hardware cantiot accommodate the 
changes/ an entirely new system (hardware and 
software) may needed* ,: 

The peaks and, pressure points in activities of a 
sysicrn arc of vital dDnccrn, but they are very difficult 
to determine correctly in advance as far as CPU cycle 
tirftc, memory adccas time, I/O interrupt Tesponse 
time, etc, arc concerned. The peaks and pressure 
points must considered for the man/machine 
interface devices alsOp,The number of lin^ of printing 
required at one time must be used to impute printing 
lime based on different printer s^eds, The number of 
documenL^ to be keyboardcd at any one time must be 
used with a unit time for entry to determine how many 
input units are required for one work shift, two work 
shifts, and so on, / 

Response time must be considered for all systems. If ^ 
immediate status infomation is repiredj the' batch 
mode may be eliminated and ^n online interactive 
system may be needed. Then, with an online system, 
rci^nse time involves the amount of time the user 
waits at the terminal for an answer from the system. 
Samctimes heavy loads in a time'sharing system can 
-slow down^ponse.- Th^se can be in the-I/Qcontrol, _ 
memory access, or prc^e^or areas; For example, some 
systems are stated to, have capacity for eight users, but 
any more than four' online at a tin>e can slow the 
system down significantly. 

Applications Characteristics ^ 

WJiat is wanted' from the system? What can the 
sysidm do? The answers to these questions are impor^ 
tant in describing the application the system wilU^rve. 
The type rff operations to be performed ^nd the nature 
of each must be reviewed, ' _ 

' APPLICATIONS CHARACTEMS'nfiS ^ 

• Sorting ^ f V 
'• Searching ' 

• Special I/O hardware 

• Remote access , 

• Response time 

• Reliability 

If the files require much manipulation to sort the 
data, this must be considered by the hardware 
designer Also for consideratioh are the nature of the 
data to be sorted ^alphabetic or numeric), and the 
number, of records to be sorted. The solution to the 
sorling problem may be to provide a large ampunt of 
working space iu^hich to perform the sorting or to 
provide redundant files, one for each sequence, and to 
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update therii, which will irtcf^aBC the ainouni of mam 
stpragc required. 

When, how often, and by whpit elements the fijcs arc 
searched are iignificant factors in Bysterris design. How 
a file is to be accesicd must \^ considered in tcrmH of 
operational mode (batch or online interactive); the 
search cfiteria (controlled vocabulary, Boolean logic, 
or free text); the number of access points in each 
record, and whether inverted files are used. As the 
choices are made, careful tradeoffs among system cost 
and efficiency and user service must be made. For 
example, file accessibility only|through 
vocabulary (i,e., thesaurus) is a simple, sirAtghtf^ 
systems procedure, but it shifts to thG iimiM^Q heavy 
responsibility of editing and aligning 'destriptors at 
inpiit linrie. Accessibility of the file by any word (e.g., a 
free text search method) relievel the user at input of 
intellectual decisions, but it requires isophisticatcd 
hardware and software that are very costly to imple- 
ment. , ^ > 
* ■ ^me applications are better served by use of special ^ 
input/output hardware, In A library, efficiency in the' 
circulation application ma.y require a badge/card . 
reader input statioi^or a Ijght-peri wand for bar labels. 
A serials system may require cornputer-punched 80- 
column cards for use aj, reentry records. These special 
requirements must be stated at the beginning. 

Access to a system by means of terminals physically ^ 
removed from' the mainfranic is called remote access. 
The unit m^y be in the next r66m,4ha next building, 
or the next county. Direct llng^nnections can be used 
for. some Fcmote access Iocsft}Dn,H, but (jvcr longer 
distances the laws of physics prohibit the u.sc of direct 
lines. Remote terminals at these distances must be 
connected by telecommunications lines, and these ^" 
have direct impact on both hardware and software. 

The r^ponse time required varies according to the 
application.^ If critical, response time should be a 
system requirement and considered an application 
characteristic to be given special attention in the 
system design. 

Reliability is 'always desirable in both manual add s 
automated system^. Some applications, howevtr, im- 
p^e stricter constraints on downtime tHan others; if 
reliability is critical, it/should be stated as an applica- 
tion characteristic. The solution may be an ahcrnativc 
maiiual backup procedure; a duplicate, totally rcdun- , 
dant computer system; or a second system capable of 
multiprocessing. , 



(nttrface With Other Systems 

hs a^ system is designed, other aystcm.^ in the same 
library or agency and Jn ihe library community in 
' gcifwral should be considered. The ability to interface 
mih these other systems^ whether dilreclly or indirectly^ 
mmt \^ established if possiWe^ Somi^times the informa- 
flow will be one- way p Bomcttaes two-way. (Im- 
plkit in this concept is ^he eKchwge of data In 
rnMchine-readable form\) 

INTERFACE WITH OTHER SYSTEMS 

• Offline « 

• Online 

S0 Links to multiple systems 

Offline interface merely provfdci a means of trans- 
fernng data in machi ne- readable (orrti by physically 
trfiUnsporting the medium (i.c*s punch cardsj magnetic 
is^pc, or floppy disk) to another computer to be read 
fElther than transmitting dat^ directly over a eomriiu4 
ntotiqnsline; ^ s/^ ] - ' > 

Online interface allows direct corrtputer-to^omput- 
i^r commuriicatidns. The w>rninunic|itidns,- fe?cchan|c 
daii be one-way or two-way, continuous or batch. 
__Jlj^inks^to-multiplc systcnia'- is aiiolher way of saying 
diBtributed networking in which/ the proqe^loi^ and 
th^ir operating system sojtware .allow tasks , and 
r^urces to be divided and ..shared throughout the 
nciltwork. Tor example^ the file umd by system A)jWa^? 

a part of, and physieaHy located at, system 6. 
Tnifisfer of dataj control oE the ' tnanipulatibnj and 
cotniroi, of input/output devices. 'are all shared and 
tr^ifisferred back and forth m required by the operat- 
ing gysiems^ These functions arc tcchntcally complicat- 
ed but promise greater efficiencS^ and efficacy in the 
long niri. 

COLUMNS TWO AND tHREE- 
HARDWARE AND SOPTWARE 
IMPACTS %H 

When design characteristics ha^^ bcefl revicwedjthe 
impacl of each is expressed in tenrri^,# hardware afld 
soJtware, These columns arc inierdej>endGnt. Often a 
hardware device dictates a specific software 'modulej 
and vice versa. Other timea a chanicteristic c^i be 
h^arjdled by either hardware or soil Ware; the clloice 
rc^sidcs with the system designer ^M\d programmer* 
Table 13 expresses the typical hamwiWQ and software 
impacts of the design characteristic^. 
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Design ChmcteriitlCii 



Hi^dware Im^tf 



MEANS OF INPUTtlNO 
Nature of the Data 
■ Alphabetic and/or 
_ Num^riCi yp^r and 
Lower Caie* Special 
CharactffUticSj 



ConverHational 



GombinatlotiB of Input 
Device ' 



= ' HWY- 



^Location of Input Station 



Multiple Online Users 




uidc Spiifc^ 
Incoming Communica- 
lions Line 



uo msnm ■ 

K-eypym-h machine not suited 
fm ft|pecial charactersyvbut 
wci y^aders can hartdlc thcmi 

CJiTfl vftiy as to what they will 
hundl^, but moat now handle 
Mppar and lower case with a 
tew ^iwdal characten. Only 
a few can handle diacritical 

'r^pe ^fi»d disk drives have no ; . :^ 
UmiiAlions, v. ' ■ _ ^y,. t ; j-' 

'I/O DEVICE " ■ " ' 

tnpwt wnly. Ex. tcylxmrd, card ; . 

\ readief s paper tape readerj - 
r ,had^<5 reader stationf light 

I/O TON^rROLLER. Must match device, 

Twu>»^ay'i output or r^ponse 
>:apa.bilUy. Ex. Teletype or 
CRiVkeyboard unit 
I/p COHTRQLLER. Must match device, 

■ tfO DEVICE 

VaK^ c^ird reader, CRT^keyboard 
* ' ' Mml^ magnetic lap^ reader, 
ligin pd^n] paper iap^ reader, 
■ , «tt. ^ ^ ■ , ^ ^ ^ ■ _! V 

CONTROLLER 
Nu5t ^i^risider different speeds. ^ 
sNv^y have one for each type. 

GQ^^^lUN^cA^IpNs equipment 

McHl^rn. or data set, with tele- ^ 
tommunrcation lin^. 4^ 

. OR J : ■ ■ ^ 

Hurdwi re lines (with repeaters). 

j/6/pEVlGE , _ 

"^'wf>'^*^^y^ conversational . 
' capability, . 
CDM1S4UNICAriONS EQyiPMEftJT 
Mcidem or data set, withi|ele' 
com/Munication' lin^. 

o% 

Hardware lins (with repeatera), 
rX>MMUN!CAT!ONS CONTRCJLLER 

May I'Jftquire a proessor. ^ 

COMMipNICATlONS E^IPMENT 
Mmktn or data set, with tele- 
ctjm/tiunieation, HnSi 

' tm r ■ r - ^^'-^ 

hardwire lines (with repeaters). 
eoM^^tUNICATlONS CONTROLLfiR 
' Ntay ^c^uire a processor.^;- 



SoQware Impctl 



APPLICATIONS SOFTWARE 
Must have ne^^ary tranala- 
tion tabis to match any 
eharacter Kt(s) used, 



ApPLidATioNS sorrwARE 

. If a higher level language 
^ is used, it must have a 
compilef ihat,' supports 
convemtiotial programming. 

APPLICATIONS SOFTWARE 
Scheme or technique for ^ 
input vari^ (block or 
line mode, 'character or ^ 
reoord at a ti me). 
^^SttMS SOFTWARE .W/ 
Must iupport the I/O functionj 
for the different devices, j . 

SYSTEMS SOFTWARE 

Must support telecbmnmnica-' 
tiom functions. 



I' 



APPLI CATIONS SOFTWARE 
Could be alfecied if a single 
program is to handle multiple 
users (as 'opposed to time- 
sharing. ' 
SYSTEMS SOFTWARE 

Must partition m!emor>[.and be 
able to handle Multiple users. 
Must.be able to hfndle tele- 
communicationa functions, 

APPLICATIONS SOFTWARE 
Po^ibly a requiremer^ to refor- 
mat. May requirf m bridge 



.program. .^j 
SYSTEMS SOFTWAP.E 
TelecoiTWiunieatlonr functions 

sup^rt. 
OR 

Simpler technique ^o emuJate a 
tcnninaU ' 
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tHtAf^ Chuncteriitici 



llUrUwarc Ittipacti 



SoAware Impactf 



MKANa OF mpurriNO^ 

. M^^Kil^m^rMable Form 

iomm) 



I/O DEVICE 
Must he mmp^%\b\t with input 
(card read<^fr, paper taf^ 
=; reader^ imigrt«ftiic3fape reader, 
floppy disk fesclar), 



APPLrCATlONS SOI'TWARE 
.^herne or teK:hiiiqu€ for input 
vari^ to match device. 
SYSTEMS BOFrWARE 
Must support the I/O ftinctipm 
of tfic ciiffercnt device. 



TYPmW ouTPtrr pRODUcrr^ 

tTbp^r md .Lower CaaCj 



Dbpiay 




ScfoiJ Of Block 



Combin<a Mof I H ardcopy » 
and! DiapUy 



Nt*iChim Readable 
Oti!|r>ing CjOfnjTiunieaiioris/ 



I/O DEVICE 
Printers. Musfi «;onsider exten- 
plvcnc.^ of phuMcicr.^t or 
flaxihility Far Intericlmiigirig 
characier ael^. Line printer 
^ is mqw flexible than serial 
prlhter/ I'cl^alypewritcfi are 
upper ca^^ OTily. 
I/O CON mOLtKR 

Must rnatch, 
I/O DEVICE 
Printers, Mait er|uip^d with 
a spewV t&f%i platen arid card 
feed, Mufli^ aw-:^pt spacia! forms 
(e;g,, muhipMl fpriTis with 



CRirirnJt or f^fital Read'Oui ynit. 
•Muit coiuider; ihe-character set 
available; u.^^Ally quite brpad. 
pMust coriaid^f Ihe required num^ ^ 
lier of . characicrs per line .. and 
^ the number llrfw per screen 
. " for dlBpflay. : : ^ 
, •D^ired feaiuf^ ipay "Include 
ffiregrdund/bAckgroiind. dlsplayi 
reverse videQ, bh'nking/non- ^ . ^ 

hlinkinj^J V - 
#Must cnn^^itier whether display can 
-inhovfti in afi:emire \jnit or bk^k or 
dots H rnovc! y^pe line at a- time. 

I/O CON riidu.ER ' 

MiiHt matcK d^^vsce, 

■ : 

I/O DEVICE 
CRT plus print'f^T. 
* ^ May prir?^ ^iflniiltaneously vyjth 
the di^^playp vwhich will be 
slow, or may print off the dS- 
. play on alemy^iidp allowing fast , 
display and $l»w printing, 
I/O cpNTROLLRR. '.. ^ . 
Must match dftvicfc. . 



APPLICATIONS SOinrWARE 
Must renect neG^^sary pr^ram^ 
ming t^hniqu^ that are device- 
bound {background/foreground, 
' blinkjng, revei^; video, 
scroll or block mode). 



I/O DEViaE ' ^ 
Must t^ compatible id network 
or host. 

COMMUNICATIONS EQUIPMENT 
Mcxienf or datk .^t, with t^le- 
, ^.cofnfnuniciHicms lina;^ 
OR ' .5 
Hardwire lines >^1th rc^ater^. * 

COMMUNlCJATfONS CONTROLLER 

^ May' rtiquire a pfixes^^r. 



APPLICATIONS SOrrWARE 
May have to prdVido the soft- 

waje to move the data (actual 

iranim.i^ion)^ a\ 
^ Must be compatible to other end 

and may require a program as 
s,' a bridge (refartnat, protocols 
;! siandardSj etc.), 
SVSTEMS SOrrWARE 
, May support a\comniunlcations 
;? control proctor function. 
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Hardware Impucu 



•mEs OF owwr WOPUI^^^ 

Machine' liwi^bb FWM I /Q DEVICE ^ , ; 

(Offline) Ex. Punch cards, paper tape, 

/ magnetic lape, floppy disk. 

Device must be cQmpatible withi 
•protocols (density, number of 
trjlcW) ' 
' ' •rormat (standard) 



FIUE STRUCrrURS AND SIOT 
Sirw<^ture r . 
Sequential , 



Direct Accefl* 



Size 
' Character* 



Required at One ' 
'time (Onlm^^) 



MASS STORAGE DEVICE 

Punch cards, paper tape, caisette 
tape, magnetic tape, floppy 
disk, disk packs. 
I/O CONTROLLER 

Must match storage device, 
MASS HTORAdE' DEVICE v 
Disk (floppy disk, fiKed-head 
disk, movable-head disk) 
I/O CON! ROLLER ^ 
' Must be a DMA direct memory 
, ^ access typCi ^. ■ 



MAS§ STORAGE DEVU::^E 

Eliminates punch cards and paper 
tape Ii5 being too slowi and in^ 
efficient, \ .; ^ . ■ 

lieSt to use magneUC tape or 
. diski \_ ^ \ 

. Usually, use direct accm. : 
instead of sequential,, which , 
■* meaiis diSk, , 
twiASS STORAGE DEVICE 
In onlin^'^mtKle, niusL j^^onsider 
^1' physical "Opacity ffe unit 
available at one time for 
acce?ising in terms of number 
of characten reqijircd at one 
' p ^timc. \^}' . 



APPLIQATIONS SOETWARE 
Must be e^m^atlble with dihcr 

■ end, w.. - ^ 

May require module to meet 
fonmt 8[wlficatlon5. 



APPLlCATiONS sdl^rVVARE 
Meth»^ of retrieval required, 
. Some rype oL indexing scheme 
; required (e.g,/ indcJe sequen- 
tial^ direct indeK, random ^ 
number index). , * - r 

svsTEMS sorrwARE ^ 

Disk operating system (DOS), 



tTU^SAOTIOffA^OLU ME 
. ' Expansioh^ Undl ^Onowtj^ 



I/O CON rROLLER 

Maximum number of ,u,^|r lines 
equipment can handlei^^' . ^ ^ 
MASS HrORAGE DEVICE 
Maximum number of devices, 
or units controller can 'handle, 
c:pu 

- Main memoryt maximum that can be 
addressed. ' 



SYSTEj^rfis software; V kv' 

Shpufe consider. that m^t have . 
■ rnwdoium huriiber of remote users. 
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TabiM l3*^Deiign CHaracteriAtki suidl "th^lt Iinjpacti--Continued 



peil|n Glyu^cteriltjci 



Hardwara Imf^^tM 



Peaki and Pr»ure CPU > ; f ; 

PbinU oi Activity Speeds'-^ (cycle Umc, how 

are apportioned). 
■ CQMMUNimTIONS EQlfl^KfBTO 
= . Modeni ipeeds, 

J . Data transfer rates, 

I/O DEVICB :f . 

Rate qf 3|^ed of oj^ratioH {mmt 
; time versus volume) > 



R^poi^, Tim€ 



Sorting/Data Manipula- 
tion • , 
= Nature: Nuinerie or 

BibliDgraphic / 
Amount (Number of 
R^ords) 



\$earchihg 
Batch 



^pleah Logic 
'"f'rec Text 



Nu/nefdus Acc^ 
Poinis ' . " 



Online^ 



' CPU " / 
speed (cycl^ time, how cyd^ 
are appoftioned), 

MASS STORAGE DEVICR^ 
Require large ahioUnt, oPSprk^* 
ing space and acc^ to im^- 
cfal areas at one time. J 
Taps ^j/^m--rWould require, 
minlmunt of three tap^ dHvi^ 
or large core storage oj- 
auxiliary, . . 

Dij^— =One would be suffi^''' ■- 
cient but must be large. 
CPU . ^ , 
tar^e .amount of main mwt>ty 
required, f ' ■ , 

. ■ ^ ■ .' ■ " ' , ■ 

MASS STORAGE DEVICE 

.Any type will Work, but shioujd 
.j^f consider the speed of the 
V . reader in terms of proc^A 

ing time (card reader^ p^|i^f ■ 
" "tajpe readerj. magnetic tap^f. ^ 
disk). 

MASS S TORAOE DEVICE 
Any type (cards ^ paper tap^^i 
; magnetic taj^, disk) 
MASS STORAGE DEVICE 
Ally,, type (cards- paper lap^j 
it)ugoetic tape, disk); np^t^ • ^ 
will be the variable, 
MA3S STORAGE DEVICE ' ' 
Any ^ type (cards , paper lap^, ' - ^ 
magnetic tape\ disk); npi^- ■ 
iWi II' 43€ ^ tlie iviiHab le . ^ - ' 

access)/ . /T : 



ApPncATioN$ BprmmM 

BIbliDgraphie data . gen^i^l)^ : 
'f^uira variable'len^i 
reoprdi, which requlra wsc 
sophisticated ioftware die^ / 
velopment for data mmnipullti^cm, 
SYiTfilto' SOrrWARfi / / 
SHould require utility rouMn^ 
to provide sorting csip^biliU^. 



I SOT 



*V IHe Jiincflffl ' * " 

-" . ' updated . ^l^A^^^t^d\i(^\'^ ' :. ; 
' ;;A general.p^rposeli^itnM 

paclige rnight bi'cohMfe^?^ 
due to the complex tiisnitwfte of 

■ search/retrieval progratlK^^ 

■ SYSTEMS SOFffl/AfeE 

Require a time-share o^mx^m^ 
fp^Xtm (DOS-oriented) < 



S2 



MINlC^MI^t^TERS IN raomiVL LIBRARIES 



peiign Chmcfiriitlci 



' Searehing, cont, ^ . ^ ' 



Online, eont. 
;= . .Boolean Logic 



frtc Text 



Numcfous Acc^ 
Points 

(Multiple Inverted 



Multiple Uscn 



Special Ihput/Qutput 
. .Hardware 
Light Pen 
Badge Reader 
OCR Scanner 



Remote Acceis 



Rttponsc Time '(Onfline) 



]j^r^t .^m^mM ot main rriemory 

' MihkmMH^^tii Snst;ructiQn seta 

CPU' ■ ^ ^ ' . 

J^fg^a of main memory 

mas^^oto:raoe device ' a , 

Dijk=; rrtimri h^v«? dir^t accss 
■anJbift m ^^tu base and all ^ ■ ■ 

CPU 

r^|p*wi' structure / ' 

■U^f^r^ fw^sMril of mam memory 

■ »S<j(phi^q(vMW regiMcr structure .'^ 
Miw^ h^4V^ rti^fiiyry (storage)' 

I/O roOTaOLLERS . . 

couMvmoA^nom controller 

COWAJ^WATiONS.EQUlPMENT". 
Mfil,#m claui sctj with tele-, -^i.. 

OR' 

WyrciwifT«s^' lin^ with repeateri. " \ 

■ I/O cowwuLKH^ / . 

Must rw^h mterface -with CPU, i 
Muni ft^nrnte data transfer 



COMMUNiCATiONS EQUIPMENT 
MfAw m ielccom- 

CDMMUHIiC;At:§^NS 'CQNTROLLER 

, I/O COIf^'rROULER 

Mu^'i rfi^M^h. . , . ' 

' CPU ' ■ ■ ■ 

t%pcmk "(cyd^fl \lm^% how 



-Software Impacti 



fii'iW,ifMV,liVW 



^Ja^Fllf GATiONS SOFTWARE 
= technique tot input 

'l^hjd^m to match device, ; M 

smilM# sormARE v \ 

t ^U§t^ «!MpRqrt. input/outpot 
' ' JfAriftijOJ&^^'?pr,? the different 

^s^rHMS soFmARE ^ 

fi^^tjir^ support of tele- 
cowiuftications functions. 
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Tabu: !3-=Design Characteristics and Their Impacts— Continued 



Hardware Impucu 



APPLIAtIONS characteristics— Continued 



Reliability 



DupHcaie pan of the hardware, 
GPU: duplicate. 

I/O CONTROLLER: duplicate, 

I/O DEVICE: have one or two spar-^= 

COMMUNICATIONS EQUIPMENT: have 

backup Unm. 
Altemative methods 
I/O DEVICE 

Have an offline device lo 

gathered data. Ex. punch cards 
to replace onHne keyboard* 

Must be compatible to the total ■ 
ryitem configuration. 
I/O CONTROLLER , 

MiiSt match device, f 
CPU 

Inielligeni ,terniifia| may handle 
data input in a Itx^al proce^- 
icig mode and transmit when 
rystem is up, lotal system 
configuration must be designed 
Hi handle this method. 



INrrERFACE WITH OTHER 
Offline 



SVSTEMH 

inj DICVICK 

f'ard reader, paper ta^ reader^" 
irirignetit' lape reader, floppy 
disk reader, etc, rnuM be 
ctirnpatsble with input in 
ternrLs of pro^cKTols (density, 
nurnber of tracks) and forma f 
(standard) 



APPLICATIONS SOFTWARE 
Scheme or technique for input 

varifs to match device. 
Niay reqiiim rn^iil^ to meet 
format spccifieati^ns. 
SYSTEMS SOFTWARL 
Must support inpui/output 
lunctioiii of the different 
device 



Online 



Link to Multiple .Sysirrii.s 
(Distrihuietl Netwurk} 




I { ) DKVICK 

Musi be i'Ortipaiiblr with network 
or hisir. 

(■OMMUNICATIONS EQUIPIVIE] 
MiKlrni t>r liaia wi, with tele 

{;(jiHniuiUL:^iti(jn?i liii^. 
OR 

Harfjwirr lines vvuh irpcalrni 
C :( )M MIJN IC :a I K )NS CON I"RO( 
M«\y rf'(|UJre a prti<rss»>r 

l^ifpf .wiiiiUni iti liiaiii memt.ipv 
SiiphistH aied inst i tu iiur! sei-s 

t XJMMUN K ;A HONS C :< >NTK< H 
Miiy refjuire a ptiKv^ti 
May reqiiire a riHirrhiriiu." 

COMMLJNK :A TK )NS EQU! KM h 
Vii^fni lit tiata sri with irlr 
ii?ntrTtiinu attnn^ hnes. 

l i) i>i:vic:k 

Mu.m hr t cmipatjhlc .vi'ith the 
nrtwork t (mfij^'urauun r^^^uir©*- 
rnrni.s in irrnts qj/jprDU»e<>is;.^ 
(tJriifiiis , nunilH'r>/a^;^iC^pi'^^) . 
anil furniai^ [^UiflU. . 




hK 



AJPLIGATIONS SOFTWAJIE 
h^ compaiible with other 

end. 

May reqiiire module io meet 
iiirTTia! sfjecificatiorii. 
SYSTEMS SOFTWARE 

Telecommunica lions funGtion.s 
support, or a simpler lechniqiJe 
to emulate a terminal 



SVSTICMS SOrTWART. 
Dpf*rating syslem must 

handle multiprtKc^ing 
relrcornmunica tions furictions 
?*"uppf)rt 



s 





CPU 



f of 1/0 
Device} 



word. 
Mefflpfy! up to 8K 
real. 

Two. 



Mais Stofage Devices Paper uipe or tape 



Table jl4-Claifes of MLnicoinput€r Syiteini 



Clan in 



Man/Maehine lmef= 

face Device 



IcletypCi paper tapt- 
unit^ or unbuffered 
CR I" 



[U or Ifrbit mti \Mt mtd 
Memory: 64K (8=bit) Mcmoiy: Up to 16K 
^ or 32K (Iftbit) real. real. 



Thttt 



P\inch cards, pa^r 
tape, la^ c^m. 
magnetic jipe^ of 
diskette. 



Teletype, pa^r (a^ 
uiiil, plus printer^ 
Bulfoed CRT. 



Eighu 



Paper punch. 
c#ds, tape cattle, 
mignetic (ape, 

^ diskette. 



Teletype^ pa[^r tape 
unit* plus printer. 
Buffered CRt 



Clm IV 



l&bit mid 
Mernory^ up to 1Z8K 
real or S41C virtual. 

Eight, 



Pqper tape, piinch 
cards, tape ca^ttCt 
ma|n€iic tape* 
diikctte, disk car- 
tridge, or disk pack, 

Teletype, pper tape 
uniii plai printer. 
Special device. 

Bufferd CRT, 



16-bit word, 
Memory: 6iK virtual, 



Eight. 



Paper tape, punch 
cari, tape ca^tte 
mapctic tape, 
diskette, disk car^ 
trfdge, or disk pack, 

. i 

Teletype, paper tape 
unilj plus pririier. 
Special device. 

Bufferd CRT 



(iQiiiniiinicationH 



Software 



[m 



i-Vvirrnblcf in BASK'. 
Uttle pfugrarri sup 
. pffrl. 



Operatirig Mode Simple ej(ccii{ive 

immm (aitrnded) 



\)m collertion ,uu| 
lijii, rdiiifij; h\x\ 
not rnanipijlAilon 



Direct liii^ ip s h(?§t. 



A^fiiblef, BASIC, or 

FORTRAN. 
LinUtfd pfograrti 



Sifiiplf executive of 
ninglf t>ii!rh 

Sunuiiari/ifig, labuKi^ 
No Hfiriuig 



L>ifm:t line ia h^i lor 
concurrent com= 
muflicatioris. 

A^inhler, BASIC, or 

Prdgrain sup[»rt 
software: 



Smgle^ or multiple^ 
batch proc^in/ 

Ckneral applitjitioriai 
including djing: 



Dif^l line to \m\, 
\ to 8 to 
tefiTunali. 

A^nibler, BASlCj or 

COBOL. 
Fill! prb|rain supjwrt 

^fiware= 



le iritefacdv? or 
batch procc^dng. 

Onlific ihtcfactive rys^ 
lem for niulliple 
\mn on a single 
/application: 



Direct line to h^t, 
B to 32 lin^ to 
termmals. 

AssembUr, BASIC, 

FORTIAN. or COBOL 
Full progfani sypport 

s(Jftware, 
Data base mana|enieiii 
age. 

TiRie^sharing otiline 
interactive pr^e^irig. 



[Ime-^liaririg fnuiuple 
y^ri. online using 
multiple applicatioai 
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COLUMM FIVE: CUSS OF 
MINICOMPUTER 

The final column of the design bridge is the class of 
computer iystem appropfiate to the application char- 
acteristii^, (Column four will be discussed later,) 
Again, it must be ernphasi^ed th*^t th^c categories" are 
rnerely repr^entativo sainples, The proper coiifigu ra- 
tion for any system^ may cut across several of theje 
categories, for the numl^r of cornbiiiations is almost 
infijiite. The categories are ordered in a hierarchy 
fronn iirnple to complex or baaic to sophisticated (seev 
Table 14). . ; . 

COLUMN FOUtt: LIBRARY SYSTEM A 
SPECIFICATIONS - 

The fourth column, that of' assessing the library ; 
application^ can now be discussed. This cplum'^5.^jj " 
however i must be left blank in this book. The aii^wc|j^^^ i 
must corne from each individual library. For a libra|y^^y u 
cataloging or (Circulation system, there arc no rig^ rp: 
wrang ansvvers to such questions as '*Hovv^ niaiij^'pt^^^^^ 
terminals are required?" "Are remote cominunicatioto^^^|^ 
lin^ necessary?" "Does the output have tti be^/iii v 
machine-readable form?" In fact there i$ oftefi^^o';bne 
answer in a specific library setting. TXH:isions can be ^ ' 
based on tradeoffs or on specific constraints-. These 
decisions are b^sed i the system requircmenis drawii. 
up during the systems analysis nnd systems design * 
phases that precede this task. / 

System -ftequlraments^Oria End of 
thm Bridge 



Determine objective and purposes of system 

study ' = 

Survey relcvanj|^ library autoniEtioji literature 
Prepare project schedulej allocate fiinds, and 
assign staff 

Establish documentation standards and proce- 
dures 

Prepare projecf proposal 
Analyse pracntopferation 

Perfomi descriptive%nalysis 
' Flowcharts 

Decision tables 

.Qy^tipunair^, ca^e studi^^ etc, 
' ^iiq^analysis: files, records, data fields 
Investigate conditiotis imposed by outsidp envi* 
-J nanment \ > ' 

, ' ,y Agency andlcjcal agency 



4^ 



Library community ' -' J'' " ^^'"^ 
Others . ' ' . ^^f^^ . . - 

h^^. Idcn ti fy operati ons requ i h u^aaii |odg^ 

Identify exception-f ftuations'^ ^r^' f " 
Idchtif)<£nanagtf.tn4ht'and'i^rform data 
" xbqmTt^mtnU ^^ /^ 7*^^^ 

Def ine System' 'ttfiijijifEHfehts' for autpmat^'d oper- 
ation A^"^' ' ^i- ■ ^ 

Establish input and q^tj^ut requiremciits 
EsthbUsh operational tfnd huinan factors ■ 
Establish staffing, funding, and time require- 
. mcnts , . , ' 

' 4. Pftxiuce project report 
f ■ Docunient findiri^ in a project report ^ 

Review findinp vvith appropriate agency man- 

agenncrit ' 
Report on results to library staff. 
The first pKa.5e is basically a review of the situation 
and Si\ assessment of what the problems are. It must be 
pomted out that an automation project should be 
tiirtrcted at a problem or nced..^^o one should think of 
automatmg siniply because it is fashionable or because 
rc^Uipmenl is available Automation should l>c the 
means, not the cnd^. Sorne geuuinc needs for aut< mi at- 
ini^can t)e clarified as.^ 

• Increased vahiine of activity ^ 

• Need for improved control over operations 

• NectJ forirnproved control over collectioris 

l^Ti) Anothff \yA%ii hlirarv irst is KdWiiiii A { ^haynutn. I'.wii I Si I'iprff .u^I jMhit I .iih.iMS, ji I.ihfttry Sy\lftnA Amtlviis Guuii'lmFt ^ \oTk VVilry-I riipn»')rnrc. 

lAhiiity Sytifm^i Afiiiirtu (\'d\^\f''winn\ Nfii riH .inliiMjiMfitis liiHik^. I'l^'j, 

' MarkiSltill rJ .\i .(fUuffiiflfiJnffih.rn \ii{i!rnjUi''n, p jh • 



^-^M^tated repeatedly in library' literaMirc and in this 
book, systems analysis and desiE^n form the kcystcjne of 
a successful automated system. \l pvr^vni lliL^y often 
are perfcrnied madequately. 11 ic cJctaiU C)i systt^nis 
analysis cannot be covered in this bcHjk. Ilie su ggest eel 
fiiaifi reference to follow ls Markusoii.ei al., (fuif/titnts 
for Ljhrfify^ Autornniiori^^ whiih A\'as writtrn spec iflt ally 
for Fcdqrlil libraries. ^ 

IVlarluson presents the major [>h*iars i>f systrriLs 
analysis and the tasks involved *us ft>Ilt nv?s * 

1. Pcrforni preliminary planning and {h< jj^uaiuifi 
Infonn Ifbrary staff of pUinH 



MINICOIVCPUTERS INT FEDmAL UBRARIES 



Need for improved service to users ^ 
^ • Need to provide new services \- » ; ^ 
' Need to prevent duplication of effort * 

t Meed to operata within existing staffing patterns 

or conditions. 

Tie specific needs niiut be stited and fornrial system 
objective written. These objectives should stated 
broadly, then restated as s^cific objectives, 
' The second phase involves aiifahajysis of the pr^ent 
system. Systems analysis is defined as "the study of all 
of the componenta, operatiojts,''dita^*infonTiatiQn and 
materi'al flow, work enviroament, etc., that constitutes 
the ejusting system."^ To facilitate this process, various 
techniques such as now charting, decision tabl^, 
surveys, questionnaires, interviews, case studies, and 
cost analyses are used, In general, systems analysis 
requires systeniatic attention to the following items. ^ 
Data. These are thefita, records within the files, and 

fields within the records. 
Operatiom. Th^e are the tasks that are performed in 
acconftplishing 30nne functional objective. Opera- 
tions includeJiUn^, pointing information to a file, 
■searchTng, labeling, etc. 
Maimais Flow. This comppnerit concerns the physi- 
cal entities with which tHe library deals. Materials 
include books, serials, rrfaps, niicroforni, laborato- 
ry notes ^ etc. The materials flow includes receipt, 
proce&singv storage, retricvaL and use. 
Information Fimu. This component coniprise^? all of the 
connniunicatioas that relate to how data and 
materials arc to be handled and hovv operations 
are to^^ performed and, as used, nieans informa^ 
tion about the systcrn and does not refer to 
content of materials. 1 1 i ncludcs policies, regula- 
I i ons, otitl \ coiiEini 1 1 n icat i on , f o r ins , re po r ^ . a ncf 
statistical data about the systcrn. 
The third phiise is to idefitify and defMic the system 
requlrernents for the new .s>Htcm= ''Syst«;m rfqinre= 
nnents are the set of ta.sks and chanu icnstics that the 
new system must perfupn and liave"^ 'Ilie Hystenis 
requirements are ba^ed on the flmmnd.s (for informa- 
tion, reports, and action) on tlu- syHirin Iryjm all 
sources* ^ 

Three cautions must be stated ab>ut ihe syj^tems 
requirements, First, while the new systriTi require- 
merits will be sirnilar to the procJnt sysunn dm iif^fi^ui. 
« lliid..p. m , \ 

« niid .p 40= 

Chapnmn.Si Pierre, and l.utiaps, /./^*''!h' 'Vy^ 
'I M^rkubin ei il , (JuithltTf/l fht Lihnn I idinrhmnii, \ I 



they should^ot be a rdtcration of the existing system. 
/ ^:it is a mistake to automate a manual system in ibto. The 
demands ahd requirements should not eveh be the 
same . The prqblem or need' on which th^ new system is 
based will trigger some different requirements, The 
existing system has taken on characteristic that are 
»the results of constraints that have been met or 
pragmatic adjustments that have been made. The new 
system requirements should be free of these "systems- 
bound** reqtjirements and should be an ideal shop- 
ping list."^ The new requirements should also be 
drawn up free of existing requirements that are 
tradition-bound or unnec^ary. 

The second caution deals with the nature or level of 
the requirement. The system requirement is still 
expressed in library terms, **need" terms as opposed to 
"solution," or automation, terms. For example, the 
statement "daily acc e^ to the order file" would be an 
appropriate library icquirenieiit but the^ statement 
'^online file access'* would*^t be it steps over into 
the ^'solution,'' or.data processing* a^rea. 

The third caution has to do with the view of the 
library. Librari^ rarely exist as independent organiza- 
tions, They therefore must be viewed in their places 
within larger structures. The library applications 
requirements are often the fint things considered, but 
requirements imposed ojl the systein from butside the 
library must also be considered. For example, Marku- 
son lists these aspects of the outside environment that 
roust be considered: ' ■ 

• Agency budget requirements | ^ 

• Agency personnel or payroll recorc^|giseful for 
ci rculation of master user files) 

• Agency headquarters library policies 

• Agency purchasing requirements 

• lArary of Congress Card Division ^r^uireme^ts^ 
for card purchases 

• Vendor requireii^ntsfor purchase orders 
t A^ncy statistical reporting requirements: 

Subject to these three cautions, the task of preparing 
Hystem requirements entails considering the following 
qurstions. ' * 

• What rieeds or cituiands must the system meet? 

• Wliat are the iniiMcts (organizatlonai, environ- 
. mental, and/or other system) and the constraints 

(phyjiical. organik^atioiial, technical, contractual, 
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resources) that must be considered by the nqw 
system? " 
• What arc the functions that must be f^rfornicd by 
the system, in terms of: ^ 
=what triggci^ each function? 
—what are the rest He! ions on each function? 
— what as€ the data elements used in the func-- 
tion? 

—what proc^sing steps rnust take place in the 
' function? 

. —what volume of p rocking *per period of tinie? 
=what is the frequency of execution of the 
function? ^ ' ^ 

' How these re^y,^«^ents axe ordered or expre&^ed is 
somew h^t i^tif^^. M arkusDn su gges ts a mo re gene r ^ 

1 . St^^|||rt^!| of general req uirertients 

2. ScopeliTc^rations to be included 

3. Statefneni pi functional requirements^ such m: 

Data elcmeii]| to be includbd 
Data - j^Qtos pii n is ^ * ; v ■ 
Status requi fern cnts i^^. " > 
Statenrien^ of human factoi^^lj^j 
3. Voiume to be haiVdlccly^A^;^^,> ^ ^ 

.-^Dail>^flqw ' ^ " ■ ' '■'v^- - ' 
' ' ' File size ' ! ^ 

File maint^^nancc 
6. Statement of managemtTit data requiremt^nis. 
such 35 : 

' Analysi^^et-ded^ x 
Output prDdurts requir eri 
' 7. Statement of de^^irable frafurrs (can inctudr 
operations, ariAlyseM- oirfpui produrts, yiv. ) 
.The follovv^ng is a ^amplr liHt of rf fjuircrtierUH fur 
circulation system. ' ' 

J . ^^lencral requirements 

• Improve coritrof ovrr nialr rials in c irculatir>n 

• Improve nianagemen t data rrp<)rtini7 

• Improve, control of lxH>ks and untx>und serials 

2. Circulation operatitms to hiMiK I udrd ^ 

h • Charging and discharging ^ ^ ^ 

■ ^ • Overdue control * A 

3. Functional requiremcjit.N . 

• Data clemcftts nuisi includr bnvi tulr, brief 
author, canjplctf! rail nuinber (int luduim'Opy ), 
d a I <ydi I c , a ri d : Ijc ) r I osvcM H ic 11 ( 1 f i t'tU 1 1 H i 



I? ( " . n (J , p A ') i Miiiiffiqr;iphrcl i 
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• Data acc^ points to charge file (books in 
circulation) must , include title, call numberi 
and j^rfovver 

• Charge and ovcrdues must be identifiable on a 
daily ^yi^ 

• The systeiTi mult not depend on conversion of 
the shelflist 

4. Human factoid requirements 

• Due to high tuiTiovcr, the ^tern must be 
designed so that it can be handled by relatively 
untrained clerks 

• Equipnient must not be noisy and must not 
require red^ign~6f circulation area 

• Output products should be legible and conve- 
nient to scan * 

5. Volume to be handled 

© Daily: 1,000 charge, and discharg^j 50 over- 
' dixm 

• File Size: 40,000 maximum for circulation file; 
5j0O0 rnaximum users 

• Fiif mainterfance: Outside of disqhpjgingj' 
corrections occur at a rate of 10 per vv&ejt^ 

6. management data requirements 

• Daily tally of Qverdu^ and chacg^ 

• itlonthly and yearly fhrnmar^ of overdues and 
charge ^ ^ ' 

• Desirable but not mandatory' Monthly tally of 
^ loan activity for every borrower arid average of 

all borrowers : 
Desirable features 

• Handling of interlibraby loans and pertinent 
^ictivity summaries 

• Analysis of loans by broad cla^ categoric 

• Inclusion of temporary borrowers 

• Lists of items in circulation on a daily basis with 
weekly cumulation 

• Use of automatic charging device and perma- 
nent borrower cards 

• Integration of systern with agency payroll 
, account number 

• Handling of reserve requests 

Systems Dealgri— The Other End of 
the Bridge % 

rhe system requirements as just described are* the 
ihrns for the systenis design specifications, which 
dtmrilx: the nature of the system to be implemeVitcd 

Hi? ( >nttf-T, ■ NtAt\ag«incn! IntrCKluction to Aufomal^i Data Baaei," WMhiHgtoh, 



md tow it is to operate. These arc expressed in a 
dmign document that serves as "the blueprint and 
point of reference for all subsequent implenienta^on 
work, ft provides all the inforniation necemry lo 
soHcU bids, if equipment of outside assistance is 
needed, and to develop work assignments for library or 
other Mntftrnar personnel .... It must contain all the 
Information necessary for the initiation of computer 
prpgram design and coding, e.^^flpw charts, data 
foitnats, file design, and operatToTfal procedures.''^-^ 
Thit final document is the result of the systems d^ign 
phase, vvhich ^4s concerned with formulating various 
systems that meet some or all^of the requirements 
developed during the analysis phase. It als(|i includes 
the critical revievv of the postulated alternative sys- 
tems, the recommendation of the *hest' system, and 
detailed design of (he selected system. The follow^ 
ing list'shows the steps of systems design. 
y L Fprmulate initial sys|ems design 

• Develop flowchart or' functional diagrams and 
tentative system specificationH 

• Conceptualise mid study ajternativc system 
approaches t 

^ i ^Refine system ipjcificaiions 

• O^ain ^pprc^al of initial dWgn ^ 

2^ Esf^l^|ish hardware sped ; . ^ 

• I^ntiify processing and bfflinf ^torag^' require- 

m Idenlif^' intsut '^rid output characteriHycs'and 

^ # Identify ai4y -li^d^Unodin^iiiio (or library 
' ^ applicatfen 

• Identify essential corrtponents at variouN levels 
of system implementation 

• Investigate procurement of cC|U!prnrnt 

• Estimate lead-time requiremrnt for (il)taiiiiiig 
equipment 

lyi^ ' 3. Establish software specification^^ 

• Identify computt-r progranis rrqm red 

• Investigate gcnrral^purposr proirranis suitalilr 
for system use 

.« Develop specification for pi lii^i am laut^u^i to 

be used ' ^ 

• Develop prograrvi clociunt'iit<inii!>!ri|uiit Lticins 

• Investit^ute capabilities of proi^rariiniini* staff 
available to library 

4. Analyze cost.s ^ 



^mm^ommmB in raoEBAi. libraries 

• AJialyze prfeserii/~5perational costs ' ^ men, 
tTiachines^ material . 

• Ajialyze projected costs of autQnmted operas 
tional system — men, machin^rfnaterial 

• Compare costs at projected levels of o^ration 
% i^Tialyge transition costs — acqtiisition of auto- 

niated system .and costs oWiaintenanceaf dual 
systems during systemJmpJen«tatiQn 

• lden|ify cost of conversion |f «endal files 

• Identify costs of traiiiing^estWwg personnel, 
preparation of manuals^ code l^ooto, etc ^ 

b. Assess changes resulting from automation 

• Identify alteration of routin^^ provision of new 
servicers 

• Inscribe effect on present staf^ organisation 

m Consider increased capability^ changes in unit 
costs, etc 

m Consider potential of phasing contemplated 
system into proposed agency, kK:al, state^ or 
regional systemB 
6. Investigate management problerns 

W I nvestigate problems of managitig future opera^ 
tion 

Contractor facility 

Use agency computer facility 

• Investigate amount of compuler time available 
to library and schedule for services 

' 7. Repcjrt on system investigation raulis 

-9 Prepire two reports: general n^port for library ^ 
staff, institution management, etc,; detailed 
report for further implememption activities 

• Pitparc displays, charts, etc , ^vering major 
pints for staff and other briefinpessions 

f Report on investigation to libraiy ccimnl^nlty 
/ as appropriate " ^ ^ A 

Ucvelop schedulp for furtht^r implewnt^rti^n 

plans 

Perform fSroJect reporting and mw^ 
M/^Ohtain approval for further system iniplcnienta^ 
tion 

Ihr syHtcms design phase should be the niost 
^fvativr phase of the automation pw». It must be 
firnil^ based on the system rcqiiirements atid on 
cxpcricnre gained from the description of the cxistmg 
sysirrn, but' it cari^ look beyond ^Kisting methods, 
prtxt^dures. nr oycriitiohs. Phe sysd^m design is tot 
done bv a team' consisting of a lik^lUrian and data 
prcH t^ssioM cxpertt^ Working tcigeth^/. tht^ tealn can 
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conceptualize and study altcrnatbes from boih library 
and data proc^ing standpoints. The best systeni will 
meet both data processing needs and library needs 
without undue distortion of either. 4 

It is during the system design phase that the bridge 
can be used. In the following section the characteristics 
of miniconriputers will be explored in iertn?> of library 
applicationuystem requirements. ^ 

<4.IBRARY APPLICATIONS 
GENERAL 

In the systems design phLise a manual system may 
appear to be the proper solution. Although almost 
anything can be automated to one degree or another, 
ri^t everything should b^.^^ Manual activities, such as 
moving materials, shelvm^ books, and opening pack- 
are not suited for automatiDn inra library, they 
nifpit be in a warehouse. The intellectual activities of 
setting policies and making decisions can be suppoi'tcd 
by automated statistical analysers, simulation, And 
modeling, but e.xcept for those simple decisiotts that 
can be reduced to algorithms, the decisions thc|nselvcs 
cannot be automated. The same can be said for the 
personal services of a library. Automated prrKiuct^s and 
Operations %an aid a reference lit^rari^an in the one=to= 
one interaction ^with a usepj but they caiintH complete- 
ly replace the human element. 

The clerical activities of the library are the be^t 
candidates for autoniaturHL rhesr are t%pified by 
recordmalcing and keeping, data manipulation (such 
as sortfng or searching), and data toniroL Hvcti in the 
clerical areas, not <pv^iy thing shrjuld Im' autnniated In 
many cases, *the most efficient system is not tnu'thai 
y "does it all,.*' but one that does the routine or standard 
iHjks while leaving the t:*xcf ptions U) t)t/ duru- l)\ 
hriShaiiWngs.^-' 

If automaiion is appropnatr', u tan l)r arL()m|>li:^bed 
by a large-scale computer sssteitu nctw^)rk, tirnr^ 
sharing service bureau, muuc tirnpuirr Hystem, or 
combmation of thest^. Sonic a[ij)lK atloiih, stsrne uner 
needs, and sorue si^es of hljianc:?, lypicallv: jcall Un 
certain types of systems, but the t>pii<jnh ^liiiuUl l^t h ft 
open. 

I here is no orie type of lihrars nr sii^eof lifsjarv ( hiii 
should or should U<it autotniUe Ii was nnre axHuuaiii 
that no library with a tc)lliTtu>ri uf fiHver ihnr^ [()(),{)()() 
should automate, but Hvvihart antl Heflev sui^yest thai 



the minimum Mm for hn independent system is 25^000 
titles, which dferin^is many more libraries info consider- 
ation.2^^ Evm iJiiit number is not irtviorate. Somedmes 
the org^^^^^fe^lQSial structure of a library and the 
structgre'|i^bRTi^toity can dictate itttomation, as can 
the structure of ithe parent agency in which the library 
resides, Sialfiag problems can suggest automation as a 
solution. For eKamplej either a hiring freeze that 
results in a lack offcleriGal support du^to attrition or a 
one-profe^ionaJ shop that requires careful allotting of 
time can justify an automated system to absorb part of 

, the housekecpiTig load, ''r ' - ^ 

Miniconipuii;erS thenigclves have open«fei up both 

^^jp^tff^ibrarf.^^ and more library activities to automa- 
tion. 'Minis M^. sffTiallj simple, and rnodularj and^ they 
"can be used in stnaller applications. Minis are ideally 
suited^ as s^ifngte-purpose, dedicated systems. It is 
coneeivahle that several mini systems serving a library 
could be inorw ecQnoniical than a single computer 
system trying to provide the same service. Using a 
system of several minis allows a library to introduce 
automatiOfii^^Oin'C rnodule at a time, The^ separate 
modules could connected but would remain basical- 
ly independent . Minis, because they are so flexible and 
well suited tQ OTaJUscale applications, can be used in 

- connection \s^\'(h OS her automation systfems as comple- 
ments or swppLerncnts to such system^, or as compo- 
nents. Even llibiraries that already have automated 
systems could mmidet potential mini applications, ^ 
In looking uc, library applications, the major opera- 
tional arca^ of l!he library (cataloging,^ circulation^ 
serials, interLibrary loan.s, acquisitions, reference, SDI, 
and adniinistr^Uion) vvill be used as points of reference. 
Keep in rtii.ridT Nowevcr, the various approaches to 
automation ri^^ viewed in (Chapter Two. Consider also 
that in any oifie library the various functions performed 
ran be pliict-d urader a number of departments. For 
e X a ni pi e , serial s Ca n Ik' part o f c a t a I og i n g , pa r t o f 
acquisitituis, or a separate unii. Interlibrary loans can 
Ix^ part at rerferciKT, part of rirt ulation. or completely 
in<l(^pendenr \% in for 8uch reasons that the specific^ 
t ii St r 1 1 ) 1 1 o r KM 1 n 1 1 1 i h b< k > k a re « ) n I y ill i ist ra 1 1 ve a n « i a re 
nul th'tailed rnrxirH^ for iinitaticui. 

Mai kuHi«n arid Bver collabcsrators reviewed the major 
lihf .irv' areas and developed a series of lists of functions ^ 
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iri^Ivcd In th«' pcrforrnance of the tasks of the&e 
ELT^^M T^m^^^im Hsta iliuitrated that^here ^rfi 
"recurring ba^iic tunctions and tasks: record prepara- 
«on, TtcmA inputi filing, (ile maintenance, searchifig^ 
ma^rials hahdl^f, etc/* This ap^^ goes beyond 
Inking at itba on a step-by-step &is as piotted in 
ihe flow •chart aad helps the design to be solvtion^ 
oriented, rather ^Jian merely a replication of the 
existing system^ 

ACQUISITIONS 

-Marfcuson mi her coworkers saw acqiiisiiion^; 
systems as centered arouftd two basic groups: (1 ) fund 
accounting acuviite that deal with the '^'managcrnent 
and control of hxn^ allotments and expenditures and 
related funcUoni/' und (2) order control activities iha£ 
entail ^^machine^;-«adable input of order informaticsn 
and the generaiiw of a variety of output producEs,"-^ 
the Columbia Univereity acquisitions project estab^ 
lished **thJre^ levels of data flow, namely, (1) prckre^^ 
controh or th^ flow of order data and the procc^sinj^ 
status of each order through the system; (2) fis^il daia 
flow, or the enciimbering of funds, paying of mvojccs, 
and Teporting^pfjund status; and (3) bibliopaplvic 
data flow^ or the assembling, verifying, siormg, and 
transferring ^^^--WbTiographic data needed m the 
cataloging pjocasi . . .'''^^ In^eiiher case, the foliowing 
list of acquisitionij functions and subhinctions is mtlal 
as a summary. 

^ 1. Establilfjmi^nt and SunTillarue of Pohi ics und 

Polky dcvciqpTTienf . 

M a i mena n m of p r oced u re n Wn u a Ls 

User feedbacK analysis 4 

Performance^ Analysis ^ 

Establi^hm^lU of prcKJurcmeni suuivc^ ^^tud^i 

fiies, blank^M order agrccme ntn. eu ) 
Interlibraf)^ ccic^peration ' 

2. Fund Cohtral 
Ai]Qc;ai:ion?r>rfund alioimeru^ 

: Fund €n<^Minnib^ringj 
Invoice ctear-ing 
Voucher preparation 

3, Materials. Selection 

Rcvitew of, and selection finm. riuiur-^ul ^M»irsiii,u 
iieTns 

Prepuracioiri of purchase rcquesis 



Approval of purchase requ^ts 
Identification of desiderata materials 

4, ©rder Preparation and Control 

Screening and 'distribution of purchase requests 
Searching and completion of bibliographic order 

data ' 
Vendor and fund assignment 
Order approval 

Order form preparation and file control — 
.monographs, serials, gifts and eKchanges, etc. 

5, Materials Handling 

* Material sorting and distribution 
Routing 

Control of items through processing 

6, Receipt proc^ing — monographpj serials, etc. 
Item verification 

Invoice verification 
Claiming 

1-. File Input and Maintenance 
Record input preparation and revision 
Error correction 

Transaction contral : additions and deletions 
Use of data from outside source 

8. Output Generation, Dissemination and Report- 

Preparation of order forms, cancellations, Glamis 

Print^ig of lists of items on order 

Output of'Change otocoritrol cards ^ 

Preparation of preliminary catalog copy 

Preparation of accessions lists 

Dissemination of order lists, dealer catalogs, SDI 

notices, etc 
Dissemination of products 

9. Gifts, Exchanges, "Memberships, Vendors, and 

Other Sources ^ 
Control of gift sources 
Corurol of eKchange partners g 
C cintrol of memberships 
Control of vendor agreements 
Maintenance of vendor and other source file^ 
10 Reference and Retrieval 
File searching 

-Retrieval of items in process 
/II Prottessing Records from Outside Sources 
Selection of records identified for purchase 
Selec lion of records for potential interest 
Processing and maintenance of outside data base 
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Modifyration of records for local use 

Di^cmination of hardcopy records | 

Ana^^sis of subject coverage 
The major activities of the esiablishmmt and surveillance 
0/ poltdes and procedures function are intellectual in 
nature. Automation in this area will generally be 
limited to support. Data from other automated areas 
(for example, the management informaticgi system) 
can be provided on which to make decisions; analyses 
can performed by computer (for example, statistical 
procedures as part of the surveillance of the system); 
and procedures manuals can be updated by a text= 
editing computer system. 

Fmd control is a natural area for automation. 
Bookkeeping has been automated in ijusiness and 
industry for some time because this reduces redundaru 
manual entri^ and improves accuracy. The informal 
tion on each order or transaction must be kept current, 
manipulated many times, and used for a number of 
purpose, Done manually ^ this job often requires many^ 
files or at least many massages of the file. The capture 
and control of the order information is well suited to 
automation. 

Matertnls sMection is not even considered acquisitions 
in some libraries. Howdyer, the selection area is where 
the initial '^capture of the bibliographic elements 
occurs, so it does have an impact on acquisitions. This 
function also uses inforrriation from the acquisitions 
system: Is this book aircady in the collection? Is it 
already on order? Is it for sale from a [c^iilar source? Is 
there enougfi money to cover its cost.^ So^ although the 
final selection probably wilj \m: a hunian ciccisicHi, . 
automated processes and files can support this func- 
tion. 

Order prepa ration and control 1 s a rn ix t u vv o f c 1 e r 1 c a I a v\ d 
intellectual activities: the extent to which it {Uii l>e 
automated varies= P'or example, srart Inriti arid t (jmple 
tion of bibliographic order data couhi \ w auti?niatecl if 
the Books m Print Data Base in nuit huK readabh^ f<irm 
^crc available, or^if MAR(' lafK^s wvrv available to 
search, or if a Jobber s i\U\ such as HKc ) D.VRTs 
IROS system, were avaUaljIr online VSiihoui duNr 
data bases, this function could noi \h: effettivrly 
automated. Vendor and fund as.su?futif ru i ,\n Ix- 
Automated if the ndes for rhf <lei ision^ i tin Ix- 
Standardized ^ahd reduced u> altjt)f uhiii> tlf the 
decisions are subjeciis'e or uuuitivrv ihe> nniHi be tnade 
by luunan beings ) Actual prepararinri iff tirdrrs has 
been suctes>ifully autoniated, as has iofurol !»f ([h^ fiks 
the orders generate 



Materials hmdling is largely a.^manual operation, 
aithoug h automation could supjprt such a function as 
routing. The control of the item through proc^ing is 
v^/here the automafed system can b^t pcrfonn. For 
example, if a status code is ctoijed in the record for 
mth item and updated as theit^ri!|^travali thrQWi the 
flow, the item ^Iways can b^' locate^ Md retrievea^ 
do this manually requires tnarty fili^ aifld/or much 
refiling. ' 

fi^ceipt processing entaiis physically handling matari* 
and making individual judgmentJ based on the 
artginal order information. Althoughsjiuman judg- 
mmt is required, the data requimd to make the 
judfment can be supplied by an automated process. 
FoUowup activiti^ connected with d aiming also are 
ikd^to the order subfunctions. Thb function also 
prDvides information for other subfunctions such as 
' fund control invoice verif^tion, ' ^ ^ 

The remaining functions on th^ \m can be consjcj; 
ered as subfunctions of the other area^s. They cbuldmlr- 
be automated as parts of other automated procedure. - 

The Aise of minicomputet^, as part of a new system 
should be determined by specific problems or heeds of 
th« tibrary. For this discussi^oas however, a number of 
typical problem ajeas in acquisitions qan be listed 

# Maintenance of the vendtf'r source file^ ^ 

# Control of standing orders ^ 
Controrbf a depository collection 

# Control of items in process 

^ Preparation of orders and siat us control 

w Bookkeeping and accounting k ■ ' 

w An agency accounting system }w\ih which to 

interface ■ , 

CJontrol of a processing center gervirig multiple 

vmiis ' 
• w Integration of purchase requeue ai terns selected '-^^ 

from MARC taj^s 
IP Lorn of^service from the presenfi large-scale batch 

system 

# Control of preview and purchit.^ of audiovisual 
inaicrials 

AHujf these arciis can be supponed by a minicomputer 

'\i> illustrate the use of the design ^nodel (the 
[jiidf^c). one of these problem areas v^ill be developed 
a^e study and '*walked acroi^'- the bridge. In lieu 
r spetific systems analysis dDCUmemation that 
i^d liv used in a specific library^ an CKpanded, 
detuikd.deHcnption of the acquisition functions will 

opera= 
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[unctish. 



Wc IS-^Afquisitionsi ^^ed Functions and Opera&ni-Conrihud 



FUND CONTROL- 



MATERIALS SELEfrriOK 



Review el, and Selicfion 
ffsm. Metics of 
Ffitfrtiial Itcrm 

h^pii m of tMo- 

(mk ai a MARC (apt):- 



Can ti sn mim ™ 
he (iiki BIP 
im pm) 



ERLC 



■p^rfortnanc^ oi Invoice 
(ll^^rl^ig im^im by 

VffiliCiiitiifiii and , 
(jj^g^fing iMnctlons 
by ofder ^niJTTitef: 



tite are 
fffwii^we^ #fin by s 

j^t dL^iplin«3 [CM 
fee by; u^^^ ouisidf ' 

. pmWr f;)it user, 
M^y b £»r exchange 



Diftct esnnection to 

Rdaied to Irivdicc 
Verification (unc^ 
lion, 

Must hive ices? to the 
vendor liU: 



Direct cdnnKiion to 
nest mp. 



Fil^ and Defcrtptic^n 



CuiTeney el pHme Lffl^ 
portance (lag eanl 
be more tl^ one 

Status e! lotili requif^ 

csnUnuqudy. 
Muit keep hiiigfical 
dill (dcid Of con^' 
pide), which abo will 
^ be iec^d. 
If ^ separate file, 
would eontiin order 
number ^ vendor numbr, 
invoi^ nMm^rip ^ 
check of vDudef nujil- 

MuH be ace^ble by 
order nurn^f, vgndot/ 
invois riifmbcfs chert 
number^ 

Numeric, no bibli^raphic 
data. 

Utile qr ns uplate of 
st^fui check fSqiiifed^ 

Muif allow for bank 
jiaieffl^nt reeottdlil^ 
tian. 

Additioni lo file in 
batch fnode aeeeptabl'g' 




Invoice. Vcrifioatien 
fuAetion, input 



} *\VHtfcn'etek 
OR 

iiivoia ' number and Hardcopy V^eter 
^ouijt tied to ord^f OR . . ' ' 
nufflber). ^^/'i^^hij^reid^bb 

: ■■ :. 'lyitem. 



Can be frem MARC 
tips or BIP isf^. 

Can be pafNf BRO 
DART IROS system of 
Baker and Taylor^, [ 




piphje dit j identic 
fgr mh tlili ii: 



iudgmeni (usually ptrv 
1^' imifd by a pfota- 
^ ^/.'siQBij libfifidH) aj 
. which tiib to 

Amhbk, hut aJgi> 
Hihms art djfUi 
to pf^^ff : ^ 

prin! or availabig 
for purchaie il re= 
qu?st lifiie are reviewd 
(pdelcrmine.if 
they should he puf- 

fnairidef ikikf , mi^ 
of=pfint catalog, 
^ .repfini Itsi- uf 
book eschsnq^ ii^t 

cedurr^ only 
seifCl^d titles -iit 
pui nii the ' wQiii 

■ i!5i.^;^ f 

Review of jhe^e ^^cmli 
\mk can it) 
SeiKlion iuhriion 
or Order funriinn 



1(. {rtim ¥ rMchine- 
mighk lipe 5r 

: d^ti hm, thii ^ 
uid to produce 

^ the rtbrd (hiird' 
copy and filf): 



be ^rformcd after 
(hr File S^arGh 
function, wKieh dfiP 
termini title is 
a dupiiestf (loal 
library □ption). 



■rhis L5 the next 
dtrr ^afthing an^ 
Clpmpleiion of Bibiij> 
gruphic Order Data 
for ih(Se tills dc- 
^ iefffiin^ qo! to be 

W% also. ^ollo^^$;ifS-^t^^ 
fyncjidn 
fdfi'titis reported 
.y ''oui^Qf-prini" ^ ' 
fir "noi yti pub- 
lished." 

(ks^ h^ck IP Order 
fiinctibn for review 
nf siatus. 

Vrm back to Order 
Kmction when a^urcr 
is identiW. 



Uuml {p^r) file of 

#jW%iraphi'c diii. 

#P!f^^r data il aviiiible 

^MNv^^dabte m of ■ ^ 
ih^llteM^ivailabli 
Im ^ ieUJtg fjlf; 
W^Wbir^ptii^ dm 

h m i*t pufehase 
t^m^ i/itO \m lib, 

' ^( tfjee^ tills. 

tejK^^ fiiib may be r?- 
wrf!\^ to decier fer 



MbiMi^ra^phie data 
V^rtdi^ irail'afid 
Khti\^td and 



Record of a lifle ftatii 
ihe Order funetiun. 



All individull ttcofd 
(or eieh title 
m 



A group (or file) of 
ipjrds whieh gos ^ 
to Order Prcpar- 
atlpn fun^on. 



Record back id the 
Qrdff fufiction when ^ 
^Ufce is idqntjfid 



0 

CO 




Table l5-AcqMi|i«qns5 Detailed Functions mi O^Nticm-Continiicd 



Fundbn & Deicfipiinn 
. 'fjRDER PREFARAHQN 

.Mecning 3nd Disifh ' 
^ bulion uf Piirthase 

M by l^pi (mQno= 

' (i( , 4^ dftmmt 
wh6 und kQW If ifgrt^ 



Searching and (kifriple^ 
tisn of BibiiugFaphic 

i, Order J}ata 
Kffi/ifi fji?/ complm 

idlUm, \fnpf\f\i 
on ISPM mt. tk 

^ Ditmim ij tiKf 

jot lah I 



Vendor infi Fund AiSiiin 

m iuhiitiiiimt Id ihdf^f 
ihi pUHlmi to.' 

Ditfrmlfii't itjhf'\ bf 
punhaSi thi tttlf 
jmm ij thfli U H 



ERIC 



ppgritiprii 



Rgliiiiiimbipf' Fllei;.and Deiwipiifln 



tnpyti 



arden by lype m)f\^^ 
graph, xrlaL diXHi^ 
mcni, rnkfiilorni 
Stifne libfiinB ^cpiirair 
by foreign Imi A&im' 

lie SOUfCB, 

Inirtjrctusl dciismn^ 

ihal louhj pu^ibly 

be nuthme editd 

(iilgofiihmj) hMi , ^ 

would hav<^ to ^^ 

human ^fevirwcKJ 
(iufreni toois, such ah 

BIP. PBIP, FC; pub 

dtrUnifnl liMs 
0^ Mt:, OR A, eu. 
I'SihilnijF lisis.yf- 
print b'i!?*, niH fn- 

n( pfiTi! c ai^lo^ 
iiff used U.i rniiiplfif 
lindAir vpfifv ?hf 
lilies dfSlffd: ' 

i! lis! pritCj^ uiheiii 
ijrdff un jn fipcn 
pfitt 

Pflrafneirn dn * 
■iions can bf drawji 
up and aii^o^ihni.'i 

ii-Hfd * 

difm^i purt hiyif 
Funci aiTiiunis t an ^Jf 
inlffnal lo iht^ 

pencslirahj, uin is' 
thiifgfd jo ii pruiff'Wi! 
(PPRH) ur nbjaiivf 
(MBOj. ran bf rh-u^Nl 
!u d dcpatinifni i^f 

Of pareni nrguni^JliOtii 



' fip^ iMl\vm Ap[ifovisP, 
Alfc Request 



ai PrtK:ufemeni 
1 .%M-H'^^ iuiiLlion 



y^bbshriifrii (if 
i^f^Mji^f^^l^Cn! Source 

A^r^ tn vfnclur file 
fij ^^ftblish HjKiiai ' 
iriipfifiU, iofigiomer- 

pfu (oiw, nfiittJiiuiin 
i.mkn rf^|Liired, m^m- 



ptheral. 



Purchase f^u^p fltords 
jmanuaj or m^thine- 
readable), 



vm%\y in n iWhin^^ 
readable lih 

addilian^^: 

BIP a ai. ^ii^Ethf^ m 

don? by Mi^ta 

iide: m<wA$ toW ^ 

br yf urdfr^i 
Publishers" m 

by vend/)r fir^i ^uib- 
^ ' mmd by ,^3!Ih^? . 

Online fil^ 

BRO-DAKlTs IROS^ 

title ^,ifth 
V>ndi*r ^.d? dind ^ 

addid ^A^h fwrt^li^ 
Alfiiilf^ fyr ^Vfii^ i 

.. brought ^i>l(?^hff ' 



Purrhasc ftqvmi records 



All Mm m\ found to 
be ai'ailablc are sent 
to the S^ilection June- 
iion fnr d^ideratd 
decision. 




i.'i 



^ . muii thceW for ; 
\ iMflidenty, ihen en^ ' 

* mkt ijuf liter ji in- / 

()itier numtk!h,i^pf(|. 
Signilurs givni if . 



(!ii'n'M [^rfofliid ifi 



Ordfr Form Frfparation 
«nd Fllc"(>)n1rpl 

i* ' 



.1.. . : 



J*' 



f , ■ ■ ■ 

0' 



htpmiim (?f imiiv 
vidual iifdm rndf 
lar ifmiling: 



km: 



11 Mifni^^nanuai furnii 
die File kmh. kif^^ f mptt ihpiii should 



ji^hfthef titig ji 1 

Aririfsai furid bKlajicfi! 
' ind= gives encjuipbraiKt^ 
' l0rmiiii(jnj«) Udger. 

Hdald in Rftfjpl ^* 

Fff taialoging imf (jctur 
(local jibrary option). 



Iliilaiice irifiirniatimi far 
m\\ fund liivnivfd, 



otiLUrtligre. 
Risicirds mull %m \k 
Nivjduiij ijik ijcvfL 
liiblio|;riplth! data ind " 
order cUia. ■ "v 
faa:@H by: julhnr 
atid/fif iitk, order ' 
riiiiijterj vendor jiiifTi!M!r= 
•wrvei as an on-iirikr^ 
filg, or 11 lombined 
wid] an in-prto 
(ilr •Wprdef;%;. , 
8ta(ui dodc cir ' " ^ 
coirjiiin^'^yilli miin ; I' 

_^m^k0k. : . 

OfiiftT file aMdA)r vend^^ y 
file of ofd^h fflay 
required: ; 1 ' ; , 
•attes by Ofder numi! ^ 
kf and vendor numWf * 
. ' •mufi earr^i^WiJs off 
each !i!lc*Qn order 
^ill ht acce!^ tor ^ 
indiyiduai status on a, 
jlide and order levels = 
•updais on stilus Will 

occur M jny iirne 
fcurrei!Qy ii ifflporlan?' ' 
^ficptire fisiil yeif hh' f f 
, inry inusi be itiain^ ^ 
lained. ' ^ 



(Datil (riniler) 
Amoufiii to be eiicljm' 

bert d for eadi fund 

, (indud^i oKler |uffl- 
. . tefi vendor nuinbqr). 
Some rcquiff prinieut^ 

of oh^ordeF list: 
t%)me uac iprcpuncbed 
' tafds for bonk on 

order OF journili 

due in^Re^ipt 
\ PrO(^ing funciion; 
Orden prinled ready 

ior miil. 



.MATf:R'lAI.S UANlilN(; 



mt^ab from o//; ' ' 



■ A 



M'iltrial Sorting and . Manual. 
Dialribulion , fSorling nf iritooiing 

maSt, pnckiigcsj 
** shjpiiifnis. ' 
liouiirig 10 ipfcific 
i:hlH:fe-jn poinlS: ' 

' gcnfndlyi'rhkkccf irr 
,v|Mralrly'frum i 
f)cri«K|icak 

ftouiing * ^ ^ When rnuling lisi is 
J, l^mlly Utn^ with . ■ rihdflishrd in ad- ; 

ffl/j M<j/ flfk j^/ . V - , . • ilip jisi in malrhrd 
dmtlf ft) ti^m ff(- . ^ ^ to (he icipy, af- 

^mmed bstiy ltitr , . ^ Opes* after issue \\m 
, ' ' ' ' l)fff! formally dirtkd 



Will amneclto Receipf " 
^ Ffi^esing lunetion. 



Mm\ (u'arid (Mcs 
(foni Rciripl Procexv 
!*ing funciion. 



No s^eific ifilc creaiedi : 
Maieriali can be liampcd 
,witli arrival laie,- 



Oomm frbffl £j,S. mail, 
parcel deliveryi 



Wih! of users '(or .Pfcprintpd lib u! 

departnientsijihalffii':.. J- name? m fouting 



^ ^ arf^:jO rf^fiW |^|jyr i 
^'mM^ often . !rt a * 
'pfioriiy s^ueh^/.' 
Musi ehafigf wl(h ; ' ' 
change iii^^r™ri^l. 



JisfbyUitle: 



. ERIC r 



0 r- 



51. 



' !^Mr ll'^qiihHll^')9€t#i^ Miom and Opcrstio^rContinued, 



i 



' Continud ■ '- ' 

Conifoi of nfffl 

: Tlifbugh Ptee«lng = 
f^fmt hi abii Iq k^i 



InpuU 



Outpuli 



Mm 



l^ch litle musi carry 
afi iciive iialUi tiJ 

liic proccain| Ihiw, 
%\i will ehaai^e jis 



Routing mlinuj^^j 



i( j(ijC9 ihfuugii f ai:h 

Can be a mm o( lik^ ' 
ur n^st^f fil^ with 

Iritlutb l)in(|cf control . 
m\ rmillfig .control 

Kr)di J^fhcfi malcrial U 
on shell ahil repr^ 
ifni^d in catalog . ^ 
ready f()r put.ilic * 

I may Ix 



Rcjaled lb Order file/ 
Itfm Redpt lurtcliun^ 

' Csialoging^icction, 
Pfoc^ini Kctiott, i 
iii^fiireuUtion ie€- 
tioij; • 

R'el^t^ jo hikimiiit- 
/Analyiii^luhtiiun. 
Related tp Retrieval (i( 
. litm in Procfji 
(uriclion, 



J 



nig^ir^iridividiiii i^ii; 

recerdTwidi Juir W 



i^taiiMical count! 




'^-ffflr^^ fnlerniation, 
•niust iearlli and list 

. , b| iutui; ill bobki 

on ofdefi ill books 
. received^ noi c*ila- 
iogd; all 

loged^ noi kbeled; 
all. boob liiKled with 
ii(ri;ireuliiioh conlfol 

isearchs n^y have * 
^ . ■ ,pafameten!|^pplied, 
Miy be sepafUffe lil^ by 
- s functign. ' ,\'] 
May be part el main 

xata|o|. 
Will b^.i l^fge, letive 
iinglc- liU, often 
. sLc^ied* olten lipdatcd 
i^^ahd chinged. ^ . 
^ Cuffcney k iRiportant, 
Input must' be yjjident 
M pofflible due to 'great 
volume. 



Miy be iciyal pipef 

tifdi/work ilips Is 
;^indicaie siatui. Ex J 

prepiinched card aefit 
. Iprwifd- on arrival 

of iitlfi. 
Miy be output o( other 

funetlonl 



V Fotcntiil hifdespy liits 
/\ gn demind ind/afr 
periodiciily,^;. 



' RECKUn' PRtXlESSINC; 



Item Vcfilicdtioh 

iahan of mh itm 
pfffi/ft/ a^^ihii its 
iiidif m IM Qiik- 




. - * 

Maferiib A)fne Irorii a; 
m^\t mmt (e^g:j 
vindof) and rtiay^^lje 
unique ia ii pglf f 
nrdfr niiml^^r. Each 
title ii exanjlneci 
against bibliographic 
data of Q!;^er io 
verify toffct:! titlcj 
edition, etc; 

if bfreiti'iiiic 15 , 
flagged ly reeeived: 
iliij Uf^ates in- 

'', pfotes slalus and 

»diiiiinaies duplicate 
ihipfnenta frlitri 
vlndor. 

If approval plan h 

. mi, a special 



Musi liav^.atmvto. 
. order, iyWription, 
exchange liit, etc., ' 
^ oh which item was 
' initiated. 
Must update order 
statui in Order Jile 
^'^P^^ iransadion 
tl^n be perbrriied con^ 
currently with l^- 
vqice Verilicatioh 
(nexl'Stpp). , 
May require Claiming 
lunction. 



, jl a vendor iransictioi 
' '^file, the o^crtumlier 
and sjkcilii fflfe 
must \x a«^ed ir^d 
upditedf'Musi deicK 
mine il order is com^ 
plete or not. 
If an order file, the ^ 
ipecilie title must 
updated -order niay 
of nfiay not be complete. 
II an on^ordcf hie by 
^] :itcm, the' title fnu?! 
te acc?^ aiid itaiui . 
flagged. May te^com 
iidered clg«d or 
moved to inaetive 
slitui. 
likn in^proes file 



Materia! corns from' 
MaUrials Handling 
function, . 



6? 



pr!i£«durf will W^'M 



by iirfflj ilii iitif 



1^ 



Invoicf VeWibiion 



reef ipt f}j 
proper \\m with lift 
' "oMtsUnding cli^f ' 
' ^Mmt verify thai ' ; 
eliirge mmhm item 
(foih pipcf, both 
»ni€ number bf ; 
cs^a, elc.); Myit \ 
^; ^n(y not pripaji ; 
J^Muii verify proper ' 
di*cQUni3 jipp]id ; , 



muii be up^td Iq 

', ' " , .£hin|e itilui. , ■ ■ ' ' 

Mull be claely lid , = W&ubliik eisacl out ^ Invoiea miy ^ml aep- ' 

10 Iteni Vfrrfi€i^,;|^.*rf e( eagh iiim purehyed, , ^ J^atcly by miil; muit 

fich mmi r^rdd, , jield for miichini. 

well an fnlic^llin. Miy r^uire eredii meffio 

c^ui chrga suih II ig liiitch agiiriit " = 



, 1, -il:: , 



titin 



H r 



iim mM, wm§ 
jinn mmi 
afid itm rmmif 
imrfict mmif 



BERSHIP, VENDORS. 
AND OTHER SOURCES 



K^uirs cpffapondcnte 
■- (of ygiephoningj with 
1:.. vendor. fAAy s^\i\rt 

vfrktef^i pernrflion " 
: le ^iurnjbel^l 

coDtfol ol pendini 
: £OiidiiiQn> for in 
iieiti, invQicSj iiid 
order, . 



JL 



&nneeted to hem Veri^ 
fication ind CQntrol 
■fif Hem 'rhiQU|h Y 

. Pfg^ing'sf On^ 
Order File (uncilon. ' 

Mull iec^ Vendor 
File. , 
/ . 




I' 



: (by tide), 
1! firii iif updited in 
Invoice Clming [unc- 
tion (bdit here bc^ 
eauK % **by^|(em" Ip 
pro^ch ii more elli^ 
dent here); ^ 

Muit have epmplete o^er, vendors prt^dde . 0Utter^ or fafiry to 
ver^pr^ bibli^iphk|^ ''dip terira lo uie^ 
and iUlus informiiiSfT . inefedin|^bliiik^ 

for eaeh daiin; ^ , ^w'^MiV ' 

byvertdofnyfflfeer,^;'^ ' 
numb#/i(fpi'(^hB^!v ■ ^ 
title), ditep,aiA0ryiJ^': 



follow-up dipibilii^ . "^^'^ u^ailii 
for eaeh claim; ? , 

by veridof nyinW, ircfer t ' 




vendor], 

ipeftfUiidn to return' 
tfEqust for miiiing ' 

invQioo. 

^ title ind/or an .order 
|U3t for credit : ' 



0 



Miy nsi be iepirate,^^|lt 



itatuf or ^nditrbn ih 



mother file(i). 





ConlrsL of Gift SoMreei ' 



ConlfoNf Exchin|e 
Piftnefi 

^'■^ a mimbmhip m 
9 mpffolivi 6f m m 
wdwi^ tmi. 



Must eomuli gift policy 
as to kindi efjifta, 
dolJir imowrtt^ num- 
berii.and cohflStions 
& ''iirinp** attichd. 
, Mm determine if a m 

^ torn will be previdd. 

May be, a membership in 
the \J^S 
change or ; 
Vrangfmen^ 

M^^nvelv 

May Involv^^^H^ 
lilti or r 
^" torn- 

■ Miy involve cfe-iiiQfi" 




Rlliid to Miicrialj 
ScWtiori fundion. 

Relitd to Fund Con- 
tfol fufictiDn to 
rteofd dellVr vilue ^ 
for repo^ ind 
ihiufiiiC€i 

Manyi but will vary 
with nature of , , ,^ 

- kgfeefrieiitii 




' Muit iniintsin name ami 
jddrt^ of d?mpr; iiuni^ 
kx, \m, and dollar , 
amountNjf gifta ac-^fj 
^pffd srie^d; 
may, require a list by 

titi«. f . ^ 
Musi msimaiEii ' 

bibli^raphiq ififgr- ' 

Jhaliort . 

fell tida oflered 

•on titls ffiftaidefed 
, , ion iitla< adeclrti 
\ financial' (Uu 

•oiiftla s^toed*' 
^ / (rimagtidti iiu ath ^ 
each inipri^fsf (gr 
.™?reL 



If 

.0 



m 





Tablc^ l5-«Atquiildonss Detailed Funclloni and Operaiioni-Coniinued , 



lion 



AND tyrtiKR SOyRqES ' <t •' 
, 'r«itiinu«i V ,, I ' 



Ouipuli 



(^nlml o( Mfmbirahitij S«!!He M^fe tliarned *: ^ Relaid in;, 



il^irol qf Viitdor 
Ai|reefnent3 



0. 



> in: 



iff' 



,4' 



ERJC V 



. |q a special (iind 



(dte library Of . 1."^ i,^)/^WorAiii|n/n^^ 
/^--^ -^kldf File 



Honie meniljiinliip are ' 
rcquireil to pur' 
chiiA^ fnaieriiih,. 

Some mFmbei^ip ptw 
vide ffrf imiiienlili 
lulr^iiiiolly, 



P^liils cif each flgrfe= 
men! must |be kepi 
jo naiurfp fcquife^ 

clnllaf kstk Ifii^lli 



M^ieriil^ kM\m 
Ontrol o( llem if) 

in Vm^ ' 



y,il3ui will Viiry 'i 
' wiih na&ij^ol ' . 

agfeeifienJ! ' 
Relatd tb Es^iblish' 
fluent n( Pmfurimeni 



Blanks t piircho.^ urder 
^ =^jnc vendof. dqllar ' ' g 

telling. j 
, Approval plan ^ (re^ ^ , 

Cjuericy ul fevieWi..^ 

projiki shipmCnis/ V'^r' 
reiurns, paymer|^V 

one vcn{!pr,^d()ll;ir V 
' ; ceilmg, " ^ 
Jobbi-f CVinlrast,- 
. ' level (j( cpmrnjimffli . 

lci]f(th of cqn!nit:t,%f ^ ^ 

my have dollar . ■■ 

minimunii discoiim; 

may Vary m vnluitii^ ^ ^ 
Standing OrdeR - by 

tiilf! in' ti vrridijf/ 
. • [recpiency sfqurnLf^, ' 



■I ^ 



i 

dita (liame, adtoj; ^ 
\/ m\ pl (ec, bph ul . 

mqint^nliipj;; niuit 
i acceM by naiiic afid 
^ lipie ol espifaiion; ^ 
Musi have pfulilc vi/^ 
. mfyim \''^^ 

ipufqte afrartge^ ^ 
frieni^ ^|H.dW|!rtis ' 
'{ ilfef yds, aiili> - V. 
' imatie or by requsfi^/ 
A^refmifiij wjih dollar. 

livels rnuit be eiiciim^ 
j bcred^ paid againsij 
■ and'W^ndld wilh 
J each iraniictibn. iTiii 

statUi m^it be;accesed 

in the bryer Approval'' 
: junciion; ' ./ ^ 
^ May; . be' part, ul ;eiu)ar 

nfcr. cQnifql fe, 

with access and re^ 

piling available is . 

above. " i " : 



1: 



^ ^ Ik' 



& 



4', 



Repori3-=pef iodic pf 
On f^y'si^on teveli 
*and ilaiuSi 




K^{iiteniin<.'e ol Vtqtl/ir 

m ■ . 



ftVs ^ File o( Vcfidon^ Inlofi 



fie, (pfdctimiien! 
. KiUfdc) jhn! ii an 
mm\ m poifnilnl 



iifjnkifiiikm'rii) eadw l»iymcni toiN ^'W. iiikliori; fkmimi nijinlifir 

ImM^, *.«.i.u, fjamr, ^drfift^phnnc' 

Vcndur and Fund -^'^'^ ' nuin^ordeNn . 

A^igniiifni func- p . Mm, tM\Mo 



1 . Ofifer Form Prepar- jo ^Idfcsi 

' iiton (iinciifjii Sprdlic^ionii! . 

■ f , ■ ' irruiii liavi- iiiinimum' 

\ V ifiklhi airtijiint per 

i. if ' . ' i.Juj ' ^ iinusi have niinimimi 

' , ,i V:^ humlffr jjl iienjs per 



Imp|'|jivc niertiber- 

|t' i iajpovarplam iiyail^ 

i , istanding ofdem 

Goriifnl mt minor prcsseSi 
. jmpfinlSi publishing* 
hfltiiSj dijlfjbuiorship.!! 
(c™=re!cTenQ^), 
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MINICOMPUTfiRS IN FEDB^L MpAAIlIESj 



fase Study 

Problem Ar«a 



t 



^An efficicht means of l)Unclling cooperative ^acquisi* 
tions among b^iclifjibrarics w 

Snvironmertt , ' 



A Fcderar agency has 14 branch or ^Itfid libraries 
throughout the United Statesvas'wcll as a main library 
at 'tlie headquarters in Washington^ ^^HS central 
processing uniif provides tedhnicarserviccs fc^ll of ihc 
libraries. Each library fjerformH its book seKlion, 
and the processing unit ordci^ what is rcquc^itcd. 
<^aul 4*M0Volpm^ are acquired caeh yearp 



Goals - ■ ^ / ; 

It is desired to coordiiiatc the serect ion, acquisition^ 
and cataloging proces^^c^ of the J 5 librariwt^irid the 
pOce^ing unit^^^ The intended bencJitH will be: . 
, 1. Professional expertise used in the book selecfion 
proce^ will be shared among the librarieH. 
Clerical efforts will be recced by elimination of 
redundant searching, typirig, and verificaybn. 
2,.>Collcctions wi|,l^%e better balanced. Expensive 
^items may fiot be duplicat^ wit4iln t^e system 
and an interlibrary loan v%Sll 'be used if a book 
available at one brancbis heeded at another, 

3. There /is the possibUi^^^^arnirig a vglume 
.'di^ount on purchases \j of 'multiple copies of a 
' iingle'tiUe, ""^t 

4, Cataloging will be more efficient if it dculn with 
multiple copies of a singU; title at one time, rather 

"th%q 'performing the added copy roiAtine a num^ . 
ber of times. . \ 

ft'opdsed Flow = , I 

A library wiH research and select a title 1^ iidd to the 
collection through ^e regular^c^ction Wtow (see 
^ihe Materials Selection function). The bibliographic 
elements of the ^^urchase request will be keyed, i.e., 
entered into ma^hinc^readable fornri. On a-biweekiy 
schedule,^the purchj^e ^eqiiests will be sent to the^ 
processing unit, ThPpurclfase requests from all the 
libraries will be merged^ a^id sorted (see thc; Order 
Preparation, arfd Control function). A combined Ust 
Win be sent to each library. The list will be reviewed by ^ 
ea^ library and additional copies desired will be 
indicated. The lists will be returned to the processing 



: unit. The .purchase requests will be mcrgedmnd sorted 
;by vendor, and tHe orders will be prepared. 

System Requirements 

1. Input captured in 15 different'i^|fo^ ^ 

2. ^PrOciising performed in one p^pm 

3. Output must be prepared in 15 copies if hardco- 
' py (for the list). ■ - ' 

4. Output must Ijc prepared on special forms Mf 
hardcopy (for the orders), 

5. Record status in the file must be chaitged several " 
. times. ; r , ' . 

r 6. Turnaround time must be as short as possible, 
7, Data must be sorted and reformated. 

Alternative Deilgns ^ 

1. Pimch eards'aVe prepared by each library for eaA 
purchaie fewest and ^em to. the p^oc^^ 
Cards ^are read, merged, and sorted, A list df; 
^ ; . pifrchase tcqueits is printed with 15 copies and 
' one :cbpy is. senjt to ^^ library, for review 



BraniHee yesiribLg addiucw^ copies mark the listv 
accordingly^ The lisfe i^^i^ to the processing 
unit. Input key^^ ai^ ' the file is ^updated. 
Orders are prepared, (Turnaround time v^ill be 
exterittci duetto mail delay.) ' . 
Ea^^brary^ has a key-to^disk station. Purchase 
requests are entered. The flQppy disk is sent to the 
processing unit. The floppies are read and 
merged. Tbe^mplete file is sorted and written ^ 
put which- are » returoed to the 

, if%^TMi^^^^^h^ reviewed, and 

inpMt^^&ft^Pdded dopies to be purchaied) is 
keyed! "SP^JSp^^^^ returned and read, and. 

thc main fjle Is ^upd^d. Orders are then pre- 
pared. (Turrfaround U^e wilL be extended due to 
rnail delay.) 

;3,^Each library' has an onlirie;Mnteractive ^rminal^ 
' foft entei|rl^yata' on purchase requ^ts. The file is^ 
lev^wed" independently (online at the same 
terminal) by each library and updated on the 
spot. After a predetermined cutoff time, the file is 
lorted and orders are prepared. 
- ■ ^ . _ /' ■ ^ ' ' '\ \ ■ % 

The Bridgei Review of Design CharactenstiGs * 

and TWbLr Impacts \ . 

The^etaiU library setting a^nd the elements of 
alternative designs are compared to thedesi|n charac* 
ieristics. Where a m^toh occurs, ^e^ hardware and 
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MINICOMPIJTERS^LIBFURY APpLiCA nONS ^, ^ 

* software impacts ate considerccj. Table 16 is a summa^ 
ry of the three foiTegding possibilrtics in tcriti^ of the 
"bridgie" design rrto<feL Tables 17, 18, and 19 



nzc the rdfeyttnl design ^charaqtcristira and the hard- 
Ware and software impacts of the three. ' ^ -.f- 

■ % .. 



Table IB^Pciign Characteristics of Each' Application 



Dtfigft Chanicteriitici 



'1" 



Inputdng 

Natyrc of data * 

Oneway/eonvenatiOTial 

Different typ^ of deviees 
^ Localiofi of input stations 

Multiple online laen 

Outaide lource 
Output Products 

Hard eopy » 
Sp^ial forms 

. Multiple copi^ 

Display ' 

Combination hardcopy/softcopy 
Machine^ readable 
Ofniiie . 
Online ! " 
File itructure and Siie : 
Structtif% . ' 
Sequential l 
Direct Accm 
. * Si^^e \ 
Transaction/Volume 
Eicpanaion 
Peaks. 

RopQnsc Time 
Applications Characteristic 
Sorting/data manipulation 
^arching 
Batc^ , 

OnJine . ^ ' 
> Access points 
Multiple users 
Special input/output 
Remote acc^ 
Rsponae time 
IMerface witl* Other Syifems 
Offline K , 

Online;, 

LiAk to multiple systems' ^ ■- 



s 



Genera] System 'Requirements 
and Specille Altcmatit^e^Systems 



Deiign ChanicteriMici 
Pertinent to Systsns 




Geaeral, Sy|tem Requirements: 

15 librart^ perform data capture 

One pre^^iinj^ location 

4000 volume per year 

Purchase, request: bibliographic data, 

seleetion source data, order data 

(approximately 300 

characten per request) 
prden typed on special forms 
Data must be reformatted 
Sorted lists requirpd * 

ReeoA must Jbc updated / 

AUernativd One; 

ISach library prepares punch cards 
^ Center must be able to reail cards 
Output list prepared , t 

ih 13 copi^ ^ ■ ' 

Additional data capture 

at center from 15 ' 

lists tp update file : 

AJternative Two: . S,; 

Lach library per fp cms '[d at a \ * 
capture on fcey-t6=disk Qnlts^ . 
Center must be able to ' 

read floppy disks 
Center rnust be able to -^^ ^ - 

. .write ou^qt on floppy ' ' ' ■ . 
disks (15 copies) ^ , \t. 
^ach libpry m^st.b^ able . 
: ' to search, read, and 

update floppies J 

Alternative; Three: \-, 

15 online, interactive '" 
terminals ^ 

. n ^ 
-I ' . " . f** 

Entire current file onlin^ - 
Online update capabflT^ 



-■ i 
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Output?, hardcopy, specidl Jorms 

Applications. Characteristics; 
sorting, Alphabetic ' , ' 



Input'J one^.way - 
File Structure;^ sequential 
Output: hardcopy, multiple^^^ 
' copl^ /• 



Input: dfie-way^fninei 
machine-fc^dabfe 

File Strifttiirei sequential 
or, direct acc^ , , 



Input: convef^tiorial^ 
, location of input stations- 
multiple online users 
File Structure: direct acc^ 
Application GharaeteristiCT; , 
remote acce^ 
\ — — [ 



■V 




MINICOMPUTERS IN reOEIUiL LIBRARmS 



ChMctfriitici 



* Hardware/Software 
Im^cts • , , 



T 



' ybrmiy Syiicm 
Speciflcationa 



I \ 



Minimum^ 
, Claw of 
Computer 



Means of Inputting 
• One-way. 



Typ^ of Output Preduets 
Hardcopy: Special forms 
Rnd multiple copi^. 



File Structure anid Size 

StruetUKV Sequent ial, ^ 

Applications 'Cnweteristics 
Sorting: ^iphabetic, 



I/O Device: ihp«t only, 
Ejc,: keyboard, card 
reader^ paper tape 
reader. . 

I/O l^viee; printer witli 
special paper capabil- 
iti^prfjbably an 
inipiict type to handle 
multiple copie^5, 

fAnm Storage L5evice: an^ 
type Vah vhatidle secjueii- 
tlal. Ex!: punch, cards, 
paper tape^ ^assette 

.^rtape, magnetic taf^, 
diskette, or disk. 

- , . ' 
' Mass Storage Dcvicet 
large working space re- 
quired and access to 
Wveral areas at one 
tiine..j"rape systcTn will 
require three driven,/ ^ 
Dfsk system could have 
one large disk. 



Keypunch machine at ^ 

each library. 
Puncli card reader for 

computer configuration. 

Impact printer, prob- 
ably a line printer * 

: for sj^d in print= 
ing 15 copitf (i.eM 

. three or four ^runs). 

Open (Cla^ HI dlc^ 
,\ tut^ no disk^^ 



Optional (Cla^ III 
dictate magnetic 
tape or diskette 
(if capacity'- is 
large enoy|h)^,^ Jl 



3IL 



Tablk 18— Alternative 2^ 



Design 
Ghmfmcteristici 



HardWar^/ Stift ware ■ 
Impacts 



Specifications , /^^''iS$^' 



Means of Inputting 

,©n^way, ■ « = 

■ ^itside source! 

Offline machine^ K 
readable fqrm, ■ t 

Type of Output Produois 

Hardcopy; Special fo^^/^ 

Machine-readable 
output (orm 
\ i '(offline)/ . . 

\, 

File Structure %nd, Siz0 

, Structure Osft^tje either^ 
""^quential or ^ 
direct acce^. ■ ■ 



Applic^doris CharUcteristi«3 
Sorting: Alphabetiet " 




1 ^j-fi.. ■ 

*^^Q= IJevide: kcy^to-disk sta^ 
/ ikm or inteUigent rterminal^ 
SyMem S6ftwrire: floppy , ^ 
disk uperatiiij/ system. ^ 

1/C) IDcvice: pmitcr with ^ 

special forms capability ' 
I/O Device: same medium 
input station, i.e ^ floppy disk 
' System Software: floppy 
disk oiserriting system. 

Mass Storage Devige: any , 
type can handle. Ex:: 
ci^st'tte tape, magnetic ■ 
tape, diskette, or disk. 
Size of file is the con- 
= trolling varia.ble. 

. / Mass Storagg IX'vicei , ^ 
V large wdrljrng space 're- ' < . / 

quired and acce^ to ; k. 
several areas at one tirne, 
i'af^ syptem vyill require 
three drivs. Disk 'system 
could have one^Sf^ disk. 




MIniniuin. 
Clasi of r 
%|^mputer ^ ^ 



/lor , , 
configurEiion. 

line or 



Open (Cla^III dic- 
tate no d^pk). 



jDptional (Oa^ in ' 
dictate rnagnelic 
ta^ or diskette 
if capacity is 
sufficient). 



III 



.i' iJ 



c. 



Chamtiriitlcii 



Means' of Inputting 
^nvanafiui^ai, - 



Lgcatioh til input 
stations, 



Specillcationi 



Multiple onjine 



Type of Output Products 
Hardcopy! Special Idtrm 

Kile Structure and Siic 

Structure; Direct acc^ 



J 

Application .Qharacterisj 
Sorting: Aiphabctid 



Remote Access 



* C^nununi^ati^ 
hardwire 
tq^unicatioft* 



P (convef^ationar capa- 
bility). 

Qjmniunications Eqi^j^ent! 
telecortununications \ , ' 
lines or hardware lin«, : 

HynXem Software! must 
handle teldcommunica- 
tions functiong if that 

%i m<|thodi is ^ used. , 



J Device; printer with / 
pccial ibrms capability. 



Mas Storage Device! disk 
device (dlikette, j 
fixed-head diak or 
movable-head disk); 

Sygtem Software: disk 
pperating system. 

MaM Storage Devlcej large 

working space required 
'- and acp^ to several 
" area^ at ^one time, Tape 
system will require three 
drives.., Disk sysji^ could 
. have 6ne large'^disk. 
Communications ^ Equipment; 
, hardwir^ lines ^or tele- 
communications lins 
and modem= 
CyQm^iOnications tj^iiroller: 
' may require aq^cmsor. 



^ ^ the jibrari^ tele- 

/ , communicationa lin^ 
y , and equipmeni muit 
be^fcnJ* 

Terminal must have 



Printeri line or 
ch^cter. . 

Disk" iystem. 



03 



Miniiniint 
"^CW of 
Gomputer 



Tel j^fiurtuniea tions ** 
system. 



IV 




@ ■ 
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It is apparenfci^liat not every design characteristic 
pertains to plication and that not cyery system^ 
requirement ii translated into a dcHign charactaristic. 
However,, in both c^l^h must^be considered, and 
ai?individual jud^iertt rrtdst be madq m to relcvangc. 
For example, the^^thc file in thin case has no 
i Ji^act dn the desig^ The 4,000 volumes would be 
represented by 1.2 million characierH (300 characters 
per record). Not^^would^^ oh the file at one time 
(oniy*fhe titles tling ordered during the biw^kly 
cycle). There is no file siae jlmitation for punch cards, 
paper tape, or magnetic tape as mass storage tech- 
niques. There is a ^lize limit {dapadty) for noppy disks, 
but a single side folds 250,(K)0 to aOO,000 characters, 
which is la^rge eriough for this application. 
^ In determining the lowest class of minicomputer 
system rcquir^ to handle the alternative design, there 
arc triggers that eliminate lower classes or dictate a 
minimum level. For eKample/ Alternative One ( Fable 
17) does not require a Class HI Hystem until the de^igr 
characteristic of sorting is considered, Class III is ih^^ 
lowest level that can handle ^rting. Alternative 1 wo 
(*rable 18) follows the same ^^crn. Alternative Three 
(T^ble 19) requires an online' interactive system with 
telecommunicaiioiii capabilityj^ The lowest, level that 
can handle this requirement is Class IM. 

The Anaiysis ; > • ■ ^^^-^ 

\ The design mode^ makes appappnt that the 
cruder, siirlpler ^terhative Qnc^ will not save any 
mo^y b)pusing a lower class of minicomputur^ vBSth 
Alt^mativea^^iandJ^ require a Cl^ ill systenv 
as a minimMjiirTlie cqsi'ditferences wiUbe i« the cost, 
of input de^Jie&i^thp, cost of the lin^ ^ter, ar^ t}^ 
procAsirig -time' and } cost of pag^^pphf^»t 
produG^ion.of 13 ;prmtoi#:s%tilIvr^^^ WassV.W.^ 
comput^r^an handle fconiniarA^^tfehs, So l t in, fe 
to invest^te cormecting each li^ritAAMisn. to thr^ 
computer 'to transmit data^ii^^' 
aroundgijTie will decrease. * 

CATALOGING 

.klatkusbn and her collaborators state;ihat there are 
three ■^distinct .types of^ catalog systems: (1) listmg. 
systems, ^K^b mainly piMarti output products such as 
% cataibg:^ards3 book cat%s, and labelsr(2) control 
;syltemsf-wiii% s^R^^ 

-areas Is thfesaiirus^ control: ^helf list Invdntory control, 
^and> fp mainterlan^^ An6 (3).search systt^| which 




MINlCOMPin*ERS IN FEDEIIAL LIDIIARIES 

^•provide mt^clmnisms for accessing the catalog data by 
^ '.a number of search elcments.**^^ is;Iarkuson*i catalogs 
' 4ng functiDiis are outlined in the following list,^^ 

1. Establishment and Surveillance of Catalog Poli^ 
cics and Pi^occdures . ^ 

Policy development 
; h4aintenancejqtprdcedure manuals , . 

UscrfeedbaclMnalysis 
Perfbrmancq analysis 
Intedibrary'cQoperation 
' 2. Establishment and Maintenance of Local 

Authority Lists or Adoption of Standard Lists 
1-3 Nanie authority files ^ 
Subject autliority lists; thqsaunis ^ 
Other authority files 

Classification schedules . . , 

Filing rujes _ * 

Descriptive catalogingjjiles ^ , 

3, N4ateriaU Analysis . 
Descriptive analysis 
Author entry establishment 
Subject analy^s and indexing 
Classification and reclassification ^ 

* Abstracung ' ; 

Preparation of initial catalog record 
Revision aricfcorrection of initiarrecord = 
4. File Input and'Maintenance^ 

Record input preparation and revision 

. Filing 1"^;^^?'"' \ V\ 

. Gfi6ss-rel^rehcp control , , V 
Error correction ^ • 

^saction cdArol; ^dditfons^nd deletions 



Matdri^ Handling 



u§n. to the^^ , 



^^i^l^]^^^' Fu rn 





Sorting &d preliininary control 
> Distptt^utidw to catalogers 
AwErage centqpl ■ 

Inv^tory Control^ 'f- ^: — 
"ii^ Establish shelflist record ^, ; ■ 
f , Added copy control ' ' 

A^d^d volume control r 
R^atabgingand recla^ification control . 
Inve^torxstatistics maintenance afid analysis 
7, Reference and Retrieval . 

se;ffiithing * ^. 

vi^^trieval of item in process 
/ ' File inquiry assistahce 
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8.- Output fj|ncraUoni DiKHcminatlon and 
Reporting * 
Report generation > 
Prcparatioh of printed cards, worksheets^ etc 
Preparation of printed book cataiogs 
Preparation of printed labels 
Preparation of printedXpunchecJ book cards 
Preparation of printed lists 
Preparation of indexes a 
Dissemihation of records , 
Union list feportjng . 
9.. Proc^ing Catalog ^^ecord?^ from Outside \^ 
Sources f . ,i , 

^ . Ordering cataloEf records * ^ 
I Organization and disseir^nation of hardcopy 
records for 6atalo|j|ng : ^ 
Proce^ing^ = and maintenance o 

able records 
Modification of nonlocai records 
Selective dissemination of records 
Establishment and surveiilance "of cat 
pwcidqm is,mair^^. an intellectual, judgmental func- 
tion. Infprmati&iiJIk^ be 
' provided by othii^pitornated functions^ and staii.^tiGal 
andJysas and modpling can be performed by computer 
: to support the user feedback aVid performance analyises 
activities- In addition^ automated^ texj processing can 
be us€id to maintain procedures manuals, . 
EsiabhskmerU and maintenance of Ihcal authority lists or 
^adopiion of standard . lists is both an intcllectua! and a 
clerical area. The maintenanee of authority lists is 
essentially clerical^ with Tile maihtenance forming its 
major part. Automated systems have ^'maintained'' 
and i^nA'ated. local lists for some time. 'Edfltingj'^ 
updating^ and control of the files, however, were done 
by human beings, who handled the filqs nnanijrtly, 
C^omputer 'generation otf authority lists has been tried 
(using a keyword approach), bul . vyithbut muc*h 
success, More standard lists are now available for 
purchase in machine-readable form^ such a ^ist can be 
the basis of the local list, Filing rules for cortiputers 
have been compiled and automated cat*il6g fih'ng has 
bee;i performed Tor some time, but the compIcNiiy of , 
V the rul^ has varied among systems. Some of ths more 
complicated schemes require human editingBftd 
human creation of sort keys, which the computer then ^ 
. manipulatt:: , ^^ather than using compute-generated 
sort keys ba d on prografn parameters Comptiter 
support in this area can produce greater cierical 
4fficiency, but thenntellectual basis for authority work 
'must still reside maialy with human beings. 



consistent, but it c 

. Automatibh can 
alreaqiy have a 
Libr^ify of Con; 
MARd data b; 




Materials analysis is almost entirely intellectual in 
riaturCj and in terms cif creation of original cataloging 
entries no major autonrtation effort has progre^ed past 
the experimental or research stage. Initial catalog 
records have been^Jomputer-built from ^ automated 
accHJisitions file^ but the initial identification of the 
descriptive elements was human-gerierated in the 
acquisitions phase. The support of automated authorir 
ty lists can make matenals analysis more efficicjrii^ti^y i 

lore,,. 

|g>. Identify items that^ 
t^tablished by either the 
rtatH^c4ibrary, Searchirtg the / 
a larger netv^ork data base is; 
possible through an autoflfikted system. If this search is 
madej then the hum^n can analyze the material (book 
in hand) . in terms *o1^^; entry 'and acce^t,irejectj or 
modify it as nectary, This procedure has significantly 
reduced the numl^r of items that, require original 
cataloging and greatly relieved the intellectual burden 
of the cataloging departrhent of individual libraries. 
, Pjograms for reclassifying from one scheme to another 
(e.g., irom .Dewey to^.C,) can be written, but the 
results must stiii undergo heavy human scrutiny and 
revision^ - ' . = ^ 

File input "^and maintenana is a natural area for 
automation. The naturt and degree of file automation 
can.vary from library to library, ho>veve^lT the'librar^ 
Catalog file is the card catajpg, tHe file input is in the 
. form of catalog cards, which can be fcfrr^atedj printedj 
^overtyped, ^*nd^ sorted for filing by an automated 
system. The aatuail filing and maintenance u^ould have 
to be done by hunSans. If the file were to be a 
computer- basj^ file for producing book^ catalogs of 
COM catalogs, or for online searchjngj this fife^input 
and maimepan^e and its autdniated system would. 
' have to ^^ifrore extensive and elaborate in nature, 
'The catalog entry, once established, woiiid have to be 
converted to machine-readable forni. This conversion 
entails explicitly identifying separate dajm elements- 
and. their natures, so that the (jrogram ca^p manipulate 
^eacli as required. The' MARC format provides a 
framework for qxpliciily identifying^ these elemjents,^ 
but the editing Is usually donerby people, not ma- 
chines. The Library of Congrte has developed . a 
format' recognition program thai analyzes a catalog 
entiy and generates MARC tags and tields with an 
accuracy rate of about percent. Once the editing is 
performed, thq source record must be converted into a 
machine record and read into the ..system. Sbme 
automated systems generate* cross-references by com- 



pkring the subject crjiries for the lo<;a) ca'^'og 
standard authprity' Hit, su* as ihe eighth edition,0j 
the Library of Congress subject headings list. ' i 

.Materials handling is basically a manual activity, ^but . 
automation can be used to control arrearage or 
backlogged items, items in process, and roiuting pf 
items, ' ■ ' ■' , , ^ J,. 

. Invmtoty. control can be futly controlled, or at least' 
supported, by automation, ' The degree' of control ' 
dcpcndi partly on how much retrospective conversion 
of the card catalog to machine-readable fo'rm ifas been 
undertaken. If autam|lion efforts have been limited to 
• new titles only, therl will not be enough basis tor, 
complete control. An effort will have to be made to 
create a file especialiy lor inventory control. It may be 
possible to' convert the sheltlist or use a relate^ file, 
such as an existing circulation system file. Some, 
libraries approacK retrospekivc conversion on a need ' 
basis; the added copy or added voluniie control system;, , 
triggirs the establishment of a rhachinc-readi^blc , 
record in tjie computer file. The degree of sophistica- 
tion ^f the automated st atistical data and analyses also , 
depends on how much j^K'^qntifei catalog, is. i,n , ■ 
' macHtn«(-readablc forrA, _ i ' ' '1-"^ 

Refir^e and rarmd call be a^omatedfto a certain- " 
■: '.extent? dticd a 'comiJUteFfile i| createfl; automated 
search'' and retrieval can be performed on it. Human. > 
^beings, in some circumstances tan initiate it, and m 
other situations program contrb| can. I^or example, an 
acquisitions program could search the catalog holdmgs 
tile autoniatically;to,deiermin£^^^ a purchpe 

request is a duplicate copy. , 7 • I ' 't' 

Output gmtmtiQn,.diunmmM md re^Hing (the prepa. 
ration of"^ cataloging (3UtRut#roducts — (gards, book 
catalogs^ COM catalogs, lafels; bool^pockets, bibliog- 
raphics, and .i^de,es) is v4ll siritcd to. autnmatiop. 
. However, amtHnatTon dcjjcnds, of -c-ourSe," on ^the . 
. djegree of au^matibn of other caWVgiiB functions, 
eig!, arribiint of retrospcctixe catalogirig converted, tag 
structure -used, etc. The idea is to key the, data bnce - 
and use it over aHd over in different forrtfe, formats, 
and permutations, J . , ■ ' J . 

'Procesmg eatalBg records film outside smrces becomes 
more and more praciiciil 4s tf^use of catalcjg- records 
,' ■ in m&chinc-i-eadablt,iornf becomes more widespread. 
These are-availablc. through cdttimcrcifil soitr(|s -and < 
rtetworksi'The MARC'j&pc distribution sei^-ke has , 
madti almost I •millldn cataloging records available to 



■ s and vbrtdors, thus reduri^ng tiWnecd f^r m\ich 

rt^ffort; ■■ '-^'^'t^^.A^^fi,'-^ 

— pcSl cataloging problerns, th# can be ^Qlved , . 
or\n part?by a minicomputW system incltidc^;^ 
' # Maintenance tff.;i»nameauth6rity'I^^^^^^ , ".^.'pi 

• Maintinahce of a subject «uthority<flle and cross '-^^ 

• Malntenariccof|L4hesaun^|^,'^ , ^ , i 

Maintenance ti'f^S „• ..' 4 ' 

/ • Efficient nAanrWP^»'yP«^ - -v , 

» Production of book or COM|W^ 

• ^^.^otcnance and cjontrol offcatalog for a special . 

.^^Ipcnts collection , 
(nGJbiftrol of addedcopy and added volume routines 

. *''Pltaparat|3n of precataloging card sets and pro- 
e^bs'irigkits , 

• Control of items in prod^ . 

• Maintenance of a uniion catalog of several eollec- 
■ ■ ■ ■. . ■ ■ ■ '■ ■■J-. ■ . 

tions. 1 i-w - " 

.J • Preparation of ipfcial bibHographies on request ■ ^ 

• Preparation of perrtiutated indexra, 

■ 'v#? f:^ ■ , . , ■ . ■ 

SERM^LS 

. %aalsi^.as ; an,oi|riKw^^ area of a library, are 
'•r'^Jijnp\ilt^H«o pin do^tv^mie pEocesses ij^olyed' are . 
bariiSily acqi<isitiona and cataloging and m some 
libraries are- incorporated in the regular flow for book 
materials; Even what is defined as a serial can vary: 
periodicals, newspapers, technical reports, Govern- 
mem documents, annuals, handbooks, and other works^ . 
Issued in. frequent editions, sets Mn progress, services, 
' and monographic series.28 Markusoni et al , defined 
twfe main "types of |e^ systems! ,^(1) listmg tlmt, 
providesV'access to; and comrol of, certam facets oPthe 
scHal operation," and (2) check-in control that pro- . 
' vidcs "mechanisms for .the, control of, the rcceip^. 
Wording, ind routing, oif incommg serial issues." 
Her4|W'of serial functions follp*vs,M ■ , ' . 

• ,^iEstablishment and StiWeillance^f Policies an^ : 
' " ! Procedures. . „, \ , *' 

''\. policy development • ^ ^ ^ 

Maintenance of procedure manuals . ■ 

' User feedback analysis ' > , / ■ • , 

■^fl ■ ," performance analysis i . ' ' ■,' 

Collectior* atialysis ; * . ; i 

, /'itjferribrary cbopCTation 

^ 2. Subscription Controt . . . f^'* 



' , «" Ibid., p. 110, 
- » Ibid,, p. IM. ■ 
, ,; .jd Ibid., pp. 113-4. 
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MiNidoMptncERa-uaRARY appA^ 

Raviaw of new order requests i'nd reneVar 

requests I / \ " 

Determination of procurement pr^edures 
Estabjiihment and ,fnftintpnance of subscriptiori 
, control files x( A 

, Praparation of iubscrlption renewal approval lists 
Order pregaration - 
^ . Fund accdunting , ^ ^ * 

Vendor and source file maintenance 
3^ Eitgbliahment and MaJntenanqc of Biblig- 
\^raphic File Control^ ' , 

Catalog nc!^^ serials^ recitaiog old ji^ie^ 
Prepare serial record ent^ ■ • . 
Provide cross-reference controls 
Update serial holdings 

Transaction control: additions, changes, deletions 

4, Recording Incoming Receipts 
^Sorting and assignment of incoming issues 
Bibliographic identification 

' Posting to control file > 
I^a^'kij^g and routing issues 

Recording changes In bibliographic or control 

, Infbrmatipn^op^e Updatlhg 
Glaiming , ' r'v ' * ^ 

5, Materials^Handling an^ Goilectign Control - 
. Sorting and shelving issues 

Servicing request for serial issues - 
Routing and clfeilation control 
Storage of title^p^ges, indexes, 
" . Establishrnent and rhaintenancq[Qf binding con- 
'^u troj file . \ i 

Missing issues control ^ 
, Pr^para^ri of want lists to cqmplefc holdings 
OutpuB^ Dissemf^itiorK and 

^i^^^P^^f serml hdldings lists . ' 

£^5^rdpa,Falion of a&essioi^ lish and bibliographies 
Unjon list reportiM and/or pjfinting 
Printing ordcry^^rnte^ and sLbscript ion renewal 
■; lists , . * 3 . . \ ^ • . ^ " ' ^ 

rint claim notices ' , ' ^ . 

it bindiny: notices * 
^Prdp^re seHal check- in form^^^^^ 
-Tt Reference4irtd Retrieval ' ' ^ ^ 

Process! ng bj|>l i ograph i c veri f i catip ri i n q iht i es 
* Processing holdings and assigned locaiibn inqui^ 
, ries V < 

Reirie^f.of serial issue from processing flow " 
8. Processing Nonlocal Records . • 
Union hist maiotcnance aridspublicafion 
SelectiQn.and dissemiriarton uses ' . 







Purchasing and bibliog^phic control * 
EsiablisHm^U and mmiilameof poiims and pfoadufis, 
like the other areas, involves mamly intellectual effort 
and pan be ofily supported or aided by automation, 
The analyses needed in this area can be supported by 
automation more fully if the ^ther funcriona are 
autohiated and the data can be collected by.inachine. 

Subscription conlrol, like acquisitions- incjudt^: both 
intellectual and clerical activities. AlthougK selection 
is a human decision, the review of renewal requests can 
be aided bf a computer ; alert that signals when 
subscription renewal is iniininent; In additioiT, anmlysis 
of previoua subscriptions can provide means of projects 
ing subscription prica. .Order preparation and fund 
accounting a^p clerical ia^^ture and easily auto- 
mated j as is tl^^endor and source file. ' . 

Eslabiishmmt md Maintenance of bibliographic fik mntrol . 
begins with esta^fiing and structtiring the biblio- 
ihic elementB (of^^a serial accordinjipto standard 
This activity is, intellectual and rriust be done by 
fliman being. Each entry then mi&t be coded and 
iverted into maehine-readable form for further 
nipulAtion. The natureiof periodicals issuch-that. 
iCe an entry is establisl^fcdj it. -is subject to many ' 
[^ngdsj for example, titles frequencyj and the eorpo- 
te name of the i^uing agency. The actual holdings of: 
e periodjcaTs are in' a constant state of flux, the 
^ Current status of which must be maintained. These 
J^^xhanges indicate the neeid^for many crctes-rcferenc^. 
1^'* Air of this tiftainte'hance and con troh can be greatly 
^^.^aided by automation. 

^ i _ Recording incoming receipts can be aided greatly , by ; 
' automation, Although^ihe initial sorting and subse- 

;quent ffiuting of incpming issues is a manual , process, , 
jj^hte . i^Apih^^ are clU-ical and^tan 

■ aUtQmatea,— or, if not fully, at least the computdf" can 
..providq support. The means of constantly capturing 
the data, updating the status of the file, and generating ■ 
claims when needed are the key elements in an . 
automated serial^ system. 

Afateriais handling and cSUectidn control includes some, 
manual' activities, but these can be , su Imported by 
automated^left^al processes, as in control and mainte* ' 
' nance of the, various files and the gehferp,t|on of 
different lists. , " ' 

Output genmitiohj dissemination^ and ' repbrting ^aii be 
fully autbmated. When the information has Ijeen 
captured in machine-readable form, computer-gener- 
ated output is an efficient means of producing lists, 
formSj^ or notices, With an offHne computer sy^cm, 



i^iowcv^i^l^ need fo^some'tf^the print^ bUtpMt ^r^^^ 

aa^d by autbma^i^^^.^^ 
^ust be accessible b^' ; 
|pf the woik flow; Part '1 
by the library public 
fprmat deigned for 
6 of serials, there are many § 
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le in 



fur 




mi and Hiruval 
'^e^irtfdrmation in scri 
the. library staff at varioui 
of the inforniatioh .also is ri 
and must be niade avail 
^public Uie. Due to the 
potential acc^ poinmor any entry, and the histoncal 
data for each serial can significant. The value of 
automation is its ability to manipulate data over and 
/ over, in an efficient and economical way, in hard^py 

or softcopy fonUi » . ^ t 

Fromsing nonlocal records is a fi^hctioh that, wtoma- 
tion furthers, for example by producing union lists of 
serials from the colleclionf of several libraries. Tim = 
holdinp and titics on the lists can ba kept current 
great ease and efficiency, and the prod 
lists can be' aecomglished quickly an ' 
The introduction of serial 

MARC format by the Libra^^wof Co^^nd the 
new coo^ative serials prqje^ CONSER bavfe m^e 

• more Standard cataloging entries a\^ila^le for li^aries 
' and. reduced tlie amount of coding and Iceying 
^ I'equired to build a biblidgraphic file for serials, _ . 

A number of typical taska that can b<? done' by a 
minicomputer system are . . 
\ . ControUinl^Ul^riptiomJ^orde^^ control^ 
* < •'Klaintaining .irid controlling a datalog of ^rjal 

* titto ; . . " \ _ - ^ < ^ ; ^ :,^\\ 

• Preparing and contrpUing union lists of sehalr 
from\^^vefai col lections" : _ 

4. •Controlling routing for new issues 
. Cdntrcaiinl the finding of materiais; 

QqntiiqllingcontmuationS \ 
i^/ # dh^kin|^v,new is3u ; 
V'^ ; • Efficiently^^i^^ 4:^-v 
, individuaj^i^l^ r . 

• Maintainikg? |r^^^ 

where indjs4dual serials are indexed 

circulation ' ^ ^ . 

■ ' ■ ^ . ■ " . „ , ■ w 

V -/^iwdrculation systenis ^ry not mutMn type^as m. 
degree. Some maihtaitt 4nlyi;I^glsa^9n^ irifor^^j^rr 

; ^ what ^ curreritly,^^|t^i^ 
maintain files .on>all pwnw^i|^^^^^v^ 
in the.collecMPn/ atid^jJiw ^^^'^ 



systertis handy 

^aintiin holdfiles lind a bad borrower file, ? 

ing list of functy^of thecircula^^ ' • 

\: I. Establishittent and Sun/eiilan^ of Mici^ and 
' . Prc^edur^ *^ 
Poflicy deydoprnent 

Mainteriahce of procedure ma /\ 
User feedbaGk*analysis > ^ / ' 

^ Performance analysis * , ^ 

Intcrlibraiy cooperation . 
. ^2. Authorized Borrower Control ^ 
, / Borrower registration 

Borrower identification 
. Special routipeatoF-eKccptioniil borr^eri ^ j 
3. Charging Procedures . ^ ^ ^ 

Charging materi^lij books, serials; etc. 
lording cha^e transaction ' 
jkteservaticfn procedures _ 

\ T ' '^ ' 

Discharging Procedures' \ a 
pischar|ing.jiiaterials ^ » ' , , : 
' Recording discharge transaction ' 
Identification of reserved Items ^ 

5. File Input and Maintenance (all files) 
Transaction re^rd input — ^^^^^ discharg^i 

} ' ' etc. : ; i&p',:L - ^ : ' 

/ Borrower fi le ihpufe^ll"'^^^^^^^ 
Tr^actiorf coh^pt, additions, d^ptions 
%rr^ correcti0n^™|Uures ; A / / ^ ^ 
InVentoiy ^ohtr^^pDro|l " 
. ^ 6y^i-du9 and jf^^^s^nting , ^ ;^ 

6. 6^^erdue GoritfdI ^ ^ - ^ ^ / 
Ideniifidation of overdue items - ^ 
R^ei|t anc^conlrol of Dv^rril^nd 

7. InterlibRary 16an , ° ■ 
Mohitbring of interiibrar:y^-.Wfn requests — in- 

^ coming .'i^^ ^ r ''-'I^i* 
Monitoribf interlihi^ary loan requests ^ outgo- 
ing ^ " 



8i Output Generatiofl, ' Dibeitiiiiati 
orting ' ; o ^ . 



Charge recprds 
Overdue notices 





^t^df GiTcuiation^ ar^ #scharge 

loirds, reptofij etc. ^ ^ 
bncirtulating Iv^terials 
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/ Mainteniiricc of ^|>ccial traimiirtion iHvn far mm^ 
j circillittingaiRj ronivf! iiiuU'rials 

10* Reference Inc|uiry 
Idcnti/icAiiori uf itcnis on Ifjan 
l^cnti/icntjori af missing ittMns 
M. Matcrlab Fliindlin^f^Hlora^^c!, ancl Maiiiccfiiinf C! 
of tlie CollcLtion \ 
Hetrievalufrcqucstal iuyns 
HrNhcl ving aiid mairiinnnno? of \\v\m 
Kou ting of matcriaLs 
Pljysical pracrvutirjii of i trnis 
lnvc:iit«ry of colkcticMi 
l*urgingof outtlatcci and iiriwanUnl \mm 
Frrparatiofi of materia Is fr>r shipriK'nt 
hmblishnmt nnd mrvfilinnfe of paUcm anfl jmimlum In 
mainJy an iiitcllc<:liiaj aitivily, Auttnimtion can Ik- 
ijsc!4 to mp\yi)r\ lli<! cbdsinnmaking wiili statisticH 
gatliered aikl arialyjies prrfonnrcL 

Authorked Imnowfr tonlrrjl is a (:ancfitlatc: for c'oiiipjfftc! 
aiuonnatjon. Ijorrowcr registration c an involve merely 
individual borrowers providing iiifomiation for the 
file. However, in many sprrial librario iUq bon owm' 
file can be' taken from an existing filr of ngtmcy 
empbyecs. In mmtcaHc^i a control number, such aHthn 
social seeurity ntnTib*!r, is aligned. Often syHmm use 
an identifying badge nr card with the ruirnlnu in 
tnachincr-readablc form to providcnhu means of injuit. 
If special cJa^;sc^ of borrovvrrH exist, these ean be 
handled via algorithtns, 

Chnr^ng pmadnm entail gatliering the necessary 
infonnation to ret:nrcl an item as in circnlatf(|n. 
Infonriation on the lk)ok, f Ik^ fxirniwer, and the details 
of the loan itself (charge date, cliie date.' branch or 
iocation, etc,) are generally needed. \ \m mm with 
M^hich thif; information can be gathered is critieah 
Ii(H>k reseivutions proccduros be autoniatecl so t Juit 
a book cannot l>c checked out except by the per^^on 
who is next on the -'hokr' list. A notiec to this next 
pcnion informing him of the availability of the liajk 
can als^) be generated au toma tieal 1 y. 

iMsiifmrgm^ pmedures are the reverse of tlie e barging 
prpcednro and usually iiivoive gatherinic HtatiHtics m 
use for fiftu ru anal ysei 

P\U tnfmt and mnmtennme k critical lo all files in the 
system, ahhough they can vary with different syHtein 
design^, ^rhe major factor in/this Nuhfunetion is the 
effieicn£:y with which the data can be c aptured and the 
records kept eurrent (updated). 



1,1 

fhifrf/uf rrmffnf \h mmi by initniriatbn. A sysiein for 
atitoiiiiiled eontrurof ovcniuc inutcrinis, ^ciidratlon of 
uvcrduc) noti<;eN, and eortiputalion of firio h simple if 
lim cirii^inal tranHactions are in niiichlnc^ieadable 
forni. (fnterlibrary Inaiis will Ijcdiscuf^ed m a Rcparatc 
uiKuatiqnO 

(htfml gmernlirm, dhsmiimiim, (mf rf^kirting ineludes a 
variety of fufietions. Hie out|)Ut |)roduct?i tbat can be 
ccinipiiier-gcneratcd depend on whieh functiorjs arc 
antoinated, For online aystcins many of the printed 
pnjcliiet.sare tin longer iiceCBsar^* 

(MUdhm (}f resfm or spmal nammiMrig nwterials are 
kept by some libraries under special loan procfedur^, ' 
Hiidi ,*ihort^tcrni loariN for^^vmd hour^ or unliniitcd 
luariM fur iiidcfiiijte tirne iKJrirHJs, Oiicc algorithms are 
<lefine<l, the prcicedurcs can bcautoniated. 

liffimicf irufyi^ io circulation inugt be accomnio- 
<late<l. Bot^ library ^^taff and the useri need to acceb 
the f ransaAion file to ascertain the gtatua of specific 
items or «sf itirtieular nmt^ Xotixl tnins3cti6ns. 

Mmmls mndlmg, storage, mdrminimmc/ of the colUction 
conHist.^ ni^mly of rnanual iictivitles, Autoniation Is 
used only in a mipport or utllil/ role, ^ rnitiiconiputer 
can Ik; used to supj)ort any Or all of the phases of a 
cireulatipn system as discussed and its real v*ilue is in 
niaki ng an online system viable, 

I NTERU BRAR Y .LOAMS 

Interlibraty Joan procmse^ can be jncludad in the 
circulation o|)craiion or set aside,, as a separate 
operation. The procosa is cdi voided into tWD.rtiain 
fmietionH, inconiing and outgoing Jntcrlibrary; loan 

mjuests, 

Haycji, and Becker described the intedibrary loan 
functions as follows/*^ 

hlk)r rowing 
A. Making request 

1. Assistance to patrons 

2, Determining location, vcrify^ing 

3. Cbmplctingforin, filing. 

4, Mailini^ 
H. Receiving itcni 

h Receiving and nnwrappin^^ i 

2. Checking records 

3. Notifying patron = 
CI. Payrnent < 

I ' Keeping records 
2. Making payinent, iTia|lirig 
D. Returning item 



1 , Gliajiglng rccprdff / 

2. Wrapping and scnditig 

M- Landing 

1 , Receiving verifying 

2, Checking caiul«g, locating 

3, Scafchlng/hclvcs, pic:k-up 
i . Keepi ng rcc«rck* (jhcck-oul 

1 . Checking page^i requested 

2. Scri(liiig to phcMcKOp)' 
S.Cppying *s 
^. Keeping records 
5/Preparing, logging invdco, (iling 

VrcKcaningpn/mcnt ii|X)ii rca-i|?t 
^ emending 
^ , / I. Wrapping 

/ 2 Distributing or mailing 
/D. I'DlIovvrup .4 
I . Sendi ng ovcrd uej notices 
2- Keeping records 
^ E. Returned iteim 

1. tJnwrapping and inspf^cting > 
2^ Ch angi ng records 

3. Discharging 
. 4. Reflliclving 

V%et interface, cstabli^hiri)ii entria, searching ancl 
locming sources or itcnis, and checking materials aru 
all* ifitcllcctual activito, Searching andj locating 
f sources can be automaicd if ttiere is a data ba^^i^ t>f 
b^olclings accessible to outmde sautes. Fore ?(^implc, an 
^nlinc^ cataloging or drtuhitirm database that can be 
/gLcccssed irom external^ terrtii rials cotdd t)e used to 
/search aiid Jccate sc?ilrce?^. The otJicr imollcctual 
! p^ctivities (b not IcncjAhernHdvCR ip antornadon. The 
^ Vtianual activities -/ Jiandling the material, Htklvingor 
pulling, wrapping/or unwrapping, ^nnd pbucocopying 
also cannot b^autDinatcci/nierot of the fufictian^'^ 
are niaitily clcncal or controi activities ^and cap^^ 

3Uconiatt^(l. / 

The interjibrary loan tasfc thui can baHi|^Kjrt<:d l)y 



r^inlcOfi)putcrs incluclc 



Prep^ation of request fornis ftpd cniitiol at items 



in the borrowed fil c -y^ 
^intenance 0f a calci^<tf for scheduling materia 
returns / 
Maifitenancc an^onirol of an overdue system 
aiiuenancc ^ control of an itein^^fened file 





• Ooutrul of *i lK>rrfjwers' file Und/of a mmcp 
(Niipliliar)fllc, 

REFEBEMCE AND INFORMATION 
SERVICES ^ 

The rcfeieiicciunctinn rcprcRciit^i intnraclim of the 
library um with the library reprc^entmi ve. -rhlH 
reprcM^ntufivc can Im3 i\ liuman (n nienil>er ofjlie 
libraiy Ntafl) or a tool (the library catahg. ati inclc^, or 
a ?^i>eciiic b<K>k),lhatrncclH the user's need totolcihe 
infonnAtiuri <lcmrcd. jlkcausc tcclinical pvmemH pro- 
vide Ibc lummals and rneans for mryim thcijser, mmt 
i){ the tmk nm\ for reference are prodiiciH of the 
(cdmicui seiviccs opcralioris and ?iymrrn8. ' 

Markusbn conipiled ihie foibwiniB list of nine 
refercricC and bil>lio|fraphic func'tionH^'^^* 

L liHiabllMhmcnt and Snrveillanc<^ of Policies and 
PrcKc<lurc?5 
Pciliey develop rncnt - 
Maintenaiice at procedure rranual^ 
LJscrfeetltm<5k analysis 

PcrfortnafK'e analysiB ' / 

Interlibrary cooperation 

2. DevcbfrnuiU and Naintenanc^^ of Bcfcrcncc 

Sources ^f^^ 
Bvaluattbri and seleetion of hardcopy refefpnce 

materials 

Evaluation and selection of machine-readable 

referenee nuiterials 
Pevuloptnent of spccifieaiioris kn handling nria-^ 

chi nc^rcaclable reference matcrialH^ _ 

3. jr^entifkation/o( Rdcvant Qutddc , Reference 
i Sources p 
j^ii'tted tnatcrial jjonrces 

: >4aehine^rcadablc bibliographic sourccH 
' ^^Machinc-readablc data-base source^ 
' / Organisational and people wiriicsi 

EstAblishrient of procedures for utilimtiou of 

Outside ^csurccs 
, Sc^irdi and Retrieval J 
I Tjitjal screen and/or referral 
Question negotiation and analyMs , 
( bnv^enian of question to appropriate tcrnu- 



l^rniiifacion of search strategy 
C-!(jr\dueL of searcli 
Evaluation of search 

i4ainienance of library andusw prnfilcB 
Df' Preparation of Bibliographic^ 



EKLC 



Pdlnltbn of scope aiid iyj>| o\ blbli ograjrtiy 
Scrteiiifi^olt^t^rttially rclWiint items 
:'Prcpar*li5ir<f)l blbliogm^hic entry indudiiig 

ab^jp^ct andannott^tiDn iiB N;t|uircd 
Pjefiiratien af final copy 

>l I cat ion and di^minjitbh 
Rc<]u^ta for Photoduplicaibn 
Screciiing requ^tii 
Duplication 

Dlstrihiition of photcKopic^ 
AccxjUiitingCQiitroI , 

7. Preparntiflribl Translation.^ 1 
IdentilicatiDii of language skills aviiilable within 

library or appropriate affiliiited gVoup 
IdcntificAtlofi of other sources o\ transiation ' 

Scretnbft translation recpi^-ats 
Preparation m<\ ^xtrnwimmx of \\mii%X\^n 
Accoyi]ting control 

8. Eatablislirfiejit and Mainteiiaiicc of Hpccial Ma- 

terials > 

Agency archival files ^ ^ 
Recorda cf locaJ search resiil ts . \ ^ ^ 
Clipping and pamphlet filc^ 
PeiionJiel ski J Is inventories 

9. Macerials Handling 

^^ainterlance of reference cailcciion 1 ^ 
tfandling of items retrieved Uom other cortecljom 
Physical preparation and filing of spcoial materia 
ab 

Estabtishmmi and spwiUlame of policies and proadures is 
an intellectual activity, and atitomatbn can \only 
aup^orf it, mainJy by analyses of pcrformaiiccan<l\u3er 
feedback. If brrnal survey tcchnicjucs ate usedto^ain 
u^r feedback, the iieccssiiry statisticai anEilywcan l>c 
performed by an automated system, 

Dtv^lopmmi ^nd maintenance of ri/erenc£ sources h an 
intelieetiia! activity tiiat must be pcrbrnne<i by human 
beings but js invQlved with antornated efforts 6r 
/productJ. Actual of the machine^readable rnaterU 
als may be required for testing purpom 

Although idfntifimiion of relevant oulstde re/erfna mnef^ ^ 
is an intelkdtual activify, implcnientacbn of the.\ 
njachine-reaclable sources requires establishing an ^ 
autpmated system or installing an eicntingsysterTL 

Search and retrtiual can perfornied rnanually on^ 
output producw, such as card catalogs^ catalog, 
or spceiai bibliopaphies, or it can be done online at a 
terminal. In cither ca^c, the access pcints arid the vvay 
the information will be , approached must be deter- 
mined in advance. The actual queries will depend m 



ihc sciircli icchnicjijes ch^en, (li free text searching 
pissiblc? Is Boolean logic searching available? Art 
prcdetcrrnincd descriptors required? Is a permutation 
technique appropriate?) Library and user pCQfilcs can 
be used for an autoniatcd SDl system if a machiiie- '\ 
rcaclabic data base is available for nearching. 

heparation of bibltographies carr be automated. Com* \ 
puter-gcncratcd bibliographies can pr^uced frqm j 
biachinc-readablc data ba5cs if th^ records are struc- 
tUrcd properly. For example, using the fixcd^ield data 
ir\ the MARC II fornnat, bibliographies could be < 
cdinplled basqd on parameteii deillingwith language, 
country of origin, farnn of contents (yearbook, director 
ryActc), ty[>cs of illustrations pmmtu year published, 
and\8o on. Current avvarene^ listlfapd SDI lists based 
on profiles aim can Ise considered bibliographic^ and 
can l>e computer-generated, 

Hi^uais for phoioduplicalion arc handled mainly by 
manual activity, but automation could be applied in 
accounting control 

Pfiparaiion of transktions H an intellectual activity* 
The clerical functions of accounting control, prepara- 
tion of ordem or requests for translations, and mainte- 
nance of a file of sources of translation services can be 
automated. ^ 

Establishment and mmritmmce of special materiais collec- 
tions (such As photographsj clippings, internal research 
reports, commercial catalop, and proposal/contract 
documents) can be controlled by automadon. Some 
commercial systems provide fqr capture of source 
material on microfonms and for search and retrieval of 
the data by minicomputer J' 

Mattrials handiing is a manual activity that does not 
lend itself toautomatioti. 

Although most applications of minicomputers to 
reference and information services are approached 
through problems in the other operational areai, some 
needs can be mentioned: [ 

• Public (user) access to the serials holdings file 

• Public acGess to the thesaurus used ' 

• Public access to materials in proc^ ^ ^ 

• Maintenance and control of special collections 

• Maintenance, control, and acc^ to microfiche 
" ' documents collections 

^ • .Maintenance and control of files of human 
' resources and their subject areas 

• Maintenance arid control of vertical files 

• Accey to commercially available online data 
bas^ of abstracts and indexes 

• Maintenancre and control of a current awareness 
and/or SDI systenri / ' 



• MINK:()MEirrRRS IN nmJKAL LIllttAlUES 

Igitgililidiincfil (if criteria for |injc:ctliirc iniiiiuals, 

()(w*raiiaii?i analysis review 
f), Kr|M>rting 

I>Uiiilishfricrit of siaiiHtical and icjxjrting require^ 

^ iiinnls 

Pmimnuiun ihid review of annual w\Kmn 
^ l^lMlnhtmni of ^taff cninmurilcatifHi via rticct- 
ing^i ncw^MftefSi etc, 
(i Coordinatipn ariH C>K)i^ra!ive Mbrts 

K?iiab!ishmcfU of |cx;al agency uwrcli nation pnli- 

EsuibliHhment of agency ccjorcli ration polide^ 
Establishmnnt of policies for wwciinatibn whU 

uthcr libraries and pertinent grcnips \ 
Assignnicni of staff to Bpccific coordinatio^i func* 
tinnfj , . ' \ 

7. I^ng^Rangc Planning 1 
Monitor developments and needs in local and 

xTcntfal agency \ 
Monitor devdopmcntB in Other librarics\ and 

rdevant organizations \ 
Assign staff io planning tasks \ 
Prepare and pe,riodicaliy update long-range plans 
0, EHtablishtnciit of Systems Development and 
Iwaluaiion Procedures 
Enablish mechanisms for operational analysis 
F^Hcablish procedures for utilimtion of outside 

skills, e.g. , contractors, staff sliajingj etc. 
fetablish policies for utiliziitiori of cquipmentj 

e.g.* tele-typewriterSi computer^j etc. 
Establish review mechanism for operational 

changes < 
fecablish policies for cooperative planning^ deveU 
opincnt, and implementation 
^ EitMi^hmeni oj ptoceduTes uis^a-vis parent agmg is an 
intcUectual activity that must be perfornied by a 

human. . . , 

The major activities of pmonnel procidures and policies 
arc ifitellcctual, but records mafiagemcnt can be 
automated- 

Fund and pmpetty mdm^mtnt consistB. mainly of 
intellectual activity, but property inventoiy control 
can be automated. The other activiti^ of this function 
can l)c supported by automation in the form of 
statistical analyses, modeling, and siiniilation^^ ^ 



m Production ol i^cial bibliograplucs on dcimiid 
• Performance of literature searches On cirmana 

APMINISTRATI^N 

AdminiMrativa functions vary according to the 
library's place in the parent organii^alion's structure 
and the payroll, pewmnel, and budget control servicca 
provided by that organization, 'rhc functions of libraiy 
adminijitration ar^, in general, those present in any 
organization, and general business automation systems 
dealing with administrative activities should apply.'^ 

Markuson's list uf administrative functi(um foN 

lOwS,'*^ 

l| Establishment of Procedufcs vis^a-vis Parent 
Agerlcy 
Legal requirerrients 

Funding, staffing, and opcrationai policies 
Policies for joint sharing of facilities, c.g.^ comput- 
er equipment 
Reporting requirements and policies 
Identification of needed library services 
Establishment of interiibrary and interagency 

cooperation policies 
Establishment of contracting rcquircmcnis 

2. Personnel Procedures and Policies 
Personnel selection 

Establishment- of personnel f>olicieSi rccordSj be- 
nefits 

Formal and on-the-job training procedures 
Personnel and records managcmcrit 

3, Fund and Property Management 
Budget preparation and review, annua! 
Budget preparation and review, long-range 
Budget allocntion and surveillance 
Library fund acCDunting 
Cost analysis review 
Property inventory 

^ 4. Organization and Administration of Functional 
'Operatioris 
Establishment of services to l>c performed 
Development and review of organizatian to 

perform services , 
Development and review of administrative poli- 
cies f6r each organizational unit 
Assignment of line and staff administraiors 



OrganiMdm amj admimmnUm n/ fmdmtil ojimitiom is 
m iniclletiual area, (jompuicr sijppir^iiiiipjjliaihlr xn 
"operfttioiij! analysis review,*' ' \ 

Reporting can be supporbtJ hy niilnniation by iming 
data gathered in othrr autoinalcd nymxm in iliq 
library. A word pHK'cssing Hystcm can siip|K)rt prapa- 
ratiofi'of rcpirts, ^ 

Cof)fdtmi\on and cmfmnihf tfjurh is cniin'ly intellectu- 
al in nature, 

I A>n^^ range planning ran 1^ mip|K)rtcd by aiitonuitinn,^ 
with cither cnmputrr-g^naratrd data or roinpiiicr 
ariaiy.^isarKi frHKldirig. 

tistabihhmmt nf mtems dmkpmefii mid rvaliiriiiwi pmce- 
f^^r^f isan intdlrctiiahictivjf^. 



SUMMARY / 

The problenm and yilutions de^diifljidl iii this ch^^ 
ut arc iiicrcly representative of ulb mkn tn a 
' inini^ompiitcr s)^iniTi could \k ap^lkd in a Federal 
library. Individual lilmirics may ji^viR rliffcrcnl necdii 
that also cati be mvyu\ Yiy miniccarrtpiuti^rs lii ehe/orni 
f)f a standalone computer, a. par||r^( h network, or a 
lfK;al unit for a host cTmiputer, ^*^^e nimiber of 
niiriicompiitcr .applicatidns isilimitedl only by the 
crrativit)^ of systcnnji design learns. Thepo*i^ibiJlti€Ji are 

f'tullrNH. ' . 



1 / 



1 CHAPTER FIVi 
Sii.ECTION CRITERIA 



As stated in (he Introduction, Part U prcmMn 
f^\k\t\inm for selecting and implcnicnting a minicom- 
puter ^ymm. V^r\ II begins with the n^umptitm that a 
lihrary.liaj decided to u.^ a rniriicamputerNystcm. I'or 
thoac r«ider^ who arc already fainiliur witli rninrc'orri- 
piitOT mnd vvho skippad Pai t I to l>cgin this lKK)k at 
Pnrt II, a nug^fcstion is in ordnr. I hcr following 
guidelines are \mm\ on a design trmM dcncribcd in 
Chapter Four and it may l>c of valuo to rc^view this 
model. ! 

FACrORS INFLUENCING THE 
DiCISION 

During systems analysifi and design in Fart t various 
imsibiliti^for solving problems or meeting wvktff were 
reviewed. The system.^ design dcjcument revicWcd each 
One, provided the informaiinn on which the adrninis- 
' trators made thedecision* and contained all the detaiU 
necessary to initiate the conriputcr .^ysterTi. 

How did they arrive at that position where thiy- 
could maka their decision? First, tfie problem or nocd 
v/m expressed in tennB of specific gonk and objcctiveN. . 
The ejcisting sysiem wa.sMaly/.ed, and HyHtcm require- 
menu for the ne\^ dcsig/lwcre cdrnpilcd. Ihe design 
modal was applied. Tha\js, demgn charagten.^iias 
pertiiicnt to the sytoo^rccjuircment^ vvere determined, 
and the^ hardware and software impacts for each were 
revie-wed; .the dnm (or cla&ses) of coniputcrs was 
.deduced for each of thechoirrs; the systems document 
was prepared and the time for decisionmaking was at 
ha-nd. 

What factors were considered in the choice of 
alternali\^cs? Some of the main factors in the design' 
decisioni were considered early in the phase of 
decisionmaking. The system requirements included 
the organizational and envirDnmcntal impacts, as well 
as those of amociated systemfe, and the constraints 
(physical, organizational, technical, contractual, and 
resources) that had to be taken into comideration. 



Ilic remaining factors deal with the various possible 
solutions, which had l)ccn shaj^d by the previous 
facton^, , * 



COMPARISON TO A MANUAL 
SYSTEM 

Undoubtedly, in most problem areas a manual 
approach could be viable. A manual system and a 
minicomputer systern, it must be stressed^ really cannot 
be compared if the automated system is approached 
properly < I hc mini system should do more than the 
manuaLsystcm but still allow all the ncccasary tasks to 
be performed. With any automated system the staff 
relief should be in the clerical ranks, as clerical tasks 
are the ones umally atttomat^. There may be an 
incrca^ in the duties and responsibiliti^ of the 
paraprofessional or profcplonal staff. Because infor- 
mation rnust be e^tprt^ed explicitly for computer 
manipulation 4 the source data must be editecj and 
coded before it is inputted. Higher level staff (if not to 
edit, at least to revise) is usually required^ The entire 
operational area may feci the impact of automation. 
^rAn operation, to be automated, must' be clearly 
structured, precisely definjed, and tightly organized, 
I^recedents and decisions must be reoorded, Rtite and 
authorities must he controlled and consistently ap'- 
plied. The degree of contfol may be much greater than 
in the manual system, and this may increase the work . 
in the unit. For applications in which j'etros^ctive. 
conversion may be appropriate, the decision whether 
to convert must be made. The file must be cxarnined to 
determine how inucli must be converted (the file's " 
volume) and hoyy **dean'' it is (how much editing must 
be done before convertifig). ■ * 
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Ijfl ' ' ■ 

COMPARISON to A LAROE SCALE 
SYSTEM 

^" fn i:ofn|Mring ii inlriiGompiiter myNtriii to a Isirgf*- 
scale systrin, the sitliUtioiv <>r (Mivinniinrni rnuM Im' 
cstablishrcl.i For nxample, (iompiirisfm of amin 
scrvicjcs muHt take hitn at^coiiiit wlictlu i llir large hi uln 
computer wtnild hi) the library'N <)wn, ilie ageiHiy'a i 
(with or withoui ( hargc'-ljark te), or that rjf a/ 
coiiifoerqiai scurvier burraii or coritracUm rhc innin 
diffcrfiiu:r8 l>ctwrcn lar^e Hc:al<' coinputcrs aiul iniiii^ 
computers were <li!H< uSfHfJ in ( jhaptrr rwo. Afl(Htif>nal 
points ^houlcf iKMiiade. 

• An online interactive system on a mini may \w 
<:ostM:oinf>etitivn with a largt! scale baicli syMcin. 

• A library gains innr<* roiiirol over its ties! iny wil ii 
iti^^TiWfi miiu bill imist take on the dulies attnii- 
dant in Ofx ration, niaiiUcriaiuc;* re pair, etc, * 

• A large-scale ecjiiipiiler nuiy bc^st used along 
with, not instead of, a inini system, Vviy U\ru^ 
requirements for sorting or jAiniing can bt^ 
performed on a large scale (oinpnter, aiul tbis 
mnibination may l>e an altcMfintive to c;otisubr, 

SERVICE CONSIDERATIONS 

Service considerations affeeting alternative designs 
should be stated explicitly at tlir end of the Hyst^in 
design phase, The choices should l>c more of style and 
degree than of^services present or nai. Impacts orMisers 
; should Ije. considered first, and then impat:fs cm th(: 
Htafr Time involved can \h' a variabUv as can Ciisv clf 
ofK-ratioii or use. L^rufVndnedly tradcMjffs will be ni^d^ 

gost/benef(t analyses 

t^Dst analysis is part of systems design as outlined by 
fdarkust^n, and the^osts for each alternative shouid 
"have l)een preparecL Markuson sijgge:sis that the 
analyses should incliicie t he following,^ 

i Aurrl>ach cmpl^ mifiirnnvpufrn with wiml ^^^^ j, . ^KaJfekcr aimp^ v^rlbun syitein 

'■Nf nn. .Hnputrn I,il^n,ry AMinni.f ion ; Tht Btanford KiTpfri.nce in Apphmtm, ^ Mmmmpiam^l^hfao^ ^^rf 
•d\u ihr \m\ Clinir on Lihrnry Appllcatinns of \1m^ Proce^in^, April lo 1 May ]!i74 (Urbana^ 
in?4) pp m m and Audrey N.Clrfflch.^-Minit^puiar-^Charaa^ 



MINICJUMJHri fcli^ lt\ FEDWlAh I JIIKAHIK8 

b I)e!rrmi!tf* dcvdopineiit (cMs Un all «^^:ctR of 
theNystrm incdudhig: 

• Man[K)Wcr«(>m(s ' 
SyHfem deHigli nian|KJwrr | 
Programming niaiijKJwrr 5 
( ioniraetorH an(i cciimiiltorjts 
Secretarial and deiical mi 

• ( jonunnnieaticjii amin 
; I ravel 

rele[)hone 

• (>)mputcr costH 
( k)mputer ti^in for program dehngging and 

tc^sting 

( k)m[)Uter time for clata input and file building 

• b^ile eonvci^ion ^ 
Input preparaticm andeditmg 
I hpul o(K*rators 
I npui c-quipinerit 

• '['raining 
Preparation of materials for staff training 
S|K!cial courses, etc. for prqjeet team 

• Other . 
Expendable materials 
Spac:c 

2, Develop projections for operational costs: 
J- • Manpower for system operation and for systQm 
modification 

• Manpower for file input and mjiinte nance 

• Equipment cImu for jo|)ut^ and computer pro- 

cjc^sing '-'^fe^^^fc 
^ • Iixf>endal)le rTiate^^K^^^rinter fomis, pa^ 



:5. 



per, labels, etc. ^^f^^^^^' 
Coniparc opratitetes^^^^: for manual and 
c_:nmputcr system > ^ 
4, Prepare cost rep6rt l 
The costs alone af^ rpt enough. A 
analysis should be per^Vrnttd,^ Sb&ffi 
difficult because so much%f tficj^^ben^^^ 

iind cnminerciai iimc^sharin^!^tf^'ift"te general 




1074). pp; 74. navi^fsn f4i***-s Hiirr Mijmfu .int i 

ReiauJ hnhlmi. rtl. Is Wiirrid LaruiUitrr, pAi^-i^ pif^^mni , 
Champiiigh, 111; University fjf IMi fmis Jir.ulu.i!f Si IuhsI nf I ^Ifi ^ny ^k^i^^Pf 
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service, ami libmry N^fvue* hm \yect\ y)l«riniisly 
difficult tcjqimnlt()f^'andl Kvalujifc^Hwiliart riiid Itclky 
call (licso "iirtaiipibta'^c^^s'' aiijl r>c|)rcR8 the problci!! 

inUngihl^ tmt$ tnim n\H%)w '^n\y^d ni (ot rvtry i^eiit i;jaiiiiftl 
bf a iiyitcni. ff Sf fVkl^ h \fp'-ht. iinprpvt-d, jiiflt, hnw vvill il lie 
Improved, ar)c| n\)ti:M\ml\)( W^ijl value can 1**^ pliwril oh it, Hornn 
libriry pdministfaioff* vvijl dwm Uiat they cannot rsiimatc thr 
vaJue of fMter seryjg^, f^wn tofe rk:„ but mth jmlgttwim cart lif 
m^dc with re^^n^bk ^CCMfJ^ry .irKf vvhcn made, should Ik? 
recorded in wHtiftg, ^ , 

Hov^cver it is accornpli^JwJ, the |K)inl in tlmt cost alone 
should not fx? the fittlfi comiVitTa^ion, T\m \m\vAiiH imm 
be reviewed ^anjl wn^i^lcml in ihr deciHifHunakini^ 
process, ^ 

SELECTINO THE SYSTEM ' 

■ , ^ \ 

Dncc an alterna6iv<5 hm]mcn choscri, thn nc^ci step is 
to decide how to |>)lOwd!. There are thrt^e main 
.choices; (1) The ljtor«r|f mtd it^ agency can develop 
<^and implement iph ^yatcm, (20 a cnriimcrcial eontrac;- 
tof can be hirc^ torjipvdopand iihplemcnt the nystcm, 
or (3) a turnkey sy^i«ni can \m purchased anci 
irnplcmentccl/' The dmmm may take the form of a 
process of'djrninaiion. (f iSicre is no turnkey ^ysterii 
avaiJablCi trie next qijestj^n h whether tlie agency data 
proccssingjunit can Kir will take on sudi a project. If 
^Qt, thcrfc may be m recourse but to contract out the 
effort; Where optiorif^ im"^ ^rvailablc, the deciHioii must 
be based on abiUt^i If) fsi^^c^C the sy.stcm rcquiremrnts, 
costs involved, and liim complete, 
. Whichever methfKl is CfslEowed, iIk! j^teps involved 
are basically the mmi\ DJIivier wrote that there were 
four distinct stages.'' ^ 

D^ign, Specifiealiorw. 

Solicitation. l*roblern d^M^Hptmn ami sp^cificiUions arc sent .x^ 

request for propasaj (RF.P] m a Hist of qual if led Vendors. 
Evaluation. Propraiais $ul>MU(:<<^d by ventbri arc reviewed and 

evaluated according^ W fmp\\rM criteria anti rated according? to 

their performance afid <^5^t, ' * 

Negotiation. Vcnd0f(!!) diOT.Mw are undertaken and a conirafrt 

is agreed on. f 

These stages will bcMinderiaken ftii the procurenTent of 
a turnkey system whicDi incUidcs hardware, soft ware, 
and^support; on the htrmf of a contractor to prepare 
an^ install the new sys^crri; and on the purchase of 
hardware by the ag«r)iC)f /library design team. 
^ The technical ^pedKicauoiiH should liave been 
di'awn up and co mpleted m part of the .system design - . . ^ ' 

I \ >^taflley j. Korihay ,ind Fk^yi \' HHVXi O'hpntrr Svstnn, mthfLthmfy A t kndbmk fnr Mmn^m md DiSi^nm Mclpillfc Publishing Dk. 1073), p. 251. 

; ■» Robin \, Ollivier, "A ffvlMi^ii^ Uft' Hplrt tinK Sin.il! ( iiirtipuirrs." iti .\ Prmltrfii (Mf in AfimcomfiuleT Applifatiam^'ttd. F^4\ Oiury (New Ynrk: lERE Prtm, 



clmairncMt. The^c specifications oftcri take the forrii of 
general flescriptiaii of the compbncnta needed to riirict 
the recpjirenicntSj m opposed to a, shopping list of 
specific brands, niodel numbers, and quantities. The 
vendor is thus allowed to suggest the Ixat of what is 
available to nicct the Hjjccifications, Markuson and her 
collalKjrators provided guidelines for preparing hard- 
ware specifications,^ 

L I)cVclop\spccifications for each type of equipment 
recpiircd 

• Input equipment 

• txjmpuier cqmpment 

• Output equipmant 
2/ Input cquipnicrit specification.^ should include 

• Character set and encoding characteristics ^ 

• C3|K!rating specifieatioriSj e.g/; ease of operations^ 

• Reliability of operation ^ 

• Error detection and correction requirements 

• Throughput rates, i. Cm speed 

• Display and/or printing requirements 

• Environmental characteristics^ e.g., size,/ noise 
-^)f operation, portability, etc. '/ 

Maintenance and training provisions , 

3. \C6mputer equipment specifications should in- 
. . fludc / 

•spore storagd and secondary storage characteris- 
tics 

• Data manipulation capabilities 

• Throughput requirements 

• Input readers required, eg., paper tape readers, 
and other special peripheral gear 

4. Output specifications should include : ' ' ^ 

• Printing capabilities needed, e.g., upper and 
lower case 

• Output form handliiig capabilities 

• Legibility specifications for printing and/or 
displays 

• Throughput rates 

• Maintenance provisions 
, Examples of these kinds of specifications were 

offered at the 1974 clinic pn rjiinicoirippter applica* 
tions in libraries. The University of Chicago example 
was for a front-end minicomputer to serve as a data 
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mmmntTAimAml higJi^spccd iiitrrf[it:c to ii^Umi (IBM 
170/168), 'rhc spccifitialioiis incliKlmlMlu' fcjIIowifW.' 
t Prm:i^or speed = sufficient tcjclrivc the cistnn^ 

mix of terminals 
2; Disk storage — suffidniuly kirgr to iruliirlc 

$i)ftw<l re plus certain filrs ? , 

3, Tape dqvcs — twOj to log all lransac;ii(»iis , 
'I. Connie/ — operator tioinmuiiicatioiis tintl [)ro- 

gram mi jig tool ^ 
5. Comrruinications interfaces - Jiigh s|>ce<l t(i the 
^omput^tioti center, a mix of speech fur the 
tcrniinal.^ ' i 
(% System softwure — disk (iricnttul, with asHcnibirrN^ 

ur com pile rn and a q)iiiinunications piKtkuge 
7. Service — to hnr IcKTally available anci Reliable 
iltit University of Minnesota Bio^^^rdiual hibrary 
i^pecUications for tlic processor for its niinicompnter 
carifigiiration contained these requirx;iticntH:^ 

I CPU must l)c IMiit byte-oriented with main 
memory addre^able liy b^tc l(x:atioo aiitl pre- 
(erred word si^c a multiple of B bitn 

2. Eithir explicit character manipulation instruct 
lidm or some reasonable mctluKl of effecting these 
within the available instruction set ' ^ 

3. Multilevel indirect addressing and indexing or 
their functional equivalents arc required 

4. Multilevel indexing is desirable but not rc- 



a. Main memory must be inercnttuitalilt' to at least 

6*1 Kbytes 
6. Direct me rnory access required 
Reahiime chij^k recjuired 
Hardware inultiply/divide required 
Power fail/automatic restart required 
Memory protection required 
Operator console key board/ printer with 'M) eps 
speed required. 
One of the best technical specifications ever pre- 
pared as part of ad RFP was issued by the Library of 
Congress early in 1977 for the procurement of several 
jfninicomputer systems." 7'he system specifications and \ 
the weighting for the technical evaluation are present - 
•ed in Appendix E. The RFP was accompanied by 
project descriptioiis for each appliciition area. This one 



i« cerJ^ifOy aWfll-Writteti m<Klel for other libr«rks to 

follqWt ' / ' 

REViiW 01^ HARDWARE/SOFTWARE 

UliJiWIoLy. ^.omsftwhere along the How of t^veniN, 
wlmt^!Vfi^r ihe ^Vi^^ihool folH>wed, the syslems learn will 
have Uh mmUkr and evatuate specific ma nu rapture rs 
nuKlcIs^ pito by piece. As V l)ackgrourid for this 
prcKedyre, \m\ to provide a common ground for 
interpr^fi^itlng ihe proposals, the main comjKinents 
considtsri^d in drawing up the five classes of minicom- 
[)uter i^y^^wm^i f;|escril5ed in Chapter Three will 
reviewed briefly. These descriptions represent a range 
fjf whan h ^ivai.lablc in each area. The main clmnktcr^ 
istics of eimitxtus of each conifjonent are reviewed. 
Samplo prto or price ranges arc given only u^iabasis 
for coiripari^irt, There Is no attempi to specify model 
namcft im^i numbers or precise costs, Ijccau^e tlie 
niinicornpui^cr industry is in such a state of flux,*^ 

A study of mioicomputcr prit;es from 1972 to 1975 
sh(3Wfl thut prteR are dropping (Table 20). ^ ^ 
TAnm W^Ckm Comparinon Between 1972 and 1975 



1975 



CPU wl\h 2K mftmory.^ 

C^hawi^ ^ - 

Pomf ftiJpply 

DMA 

Power Warn tmmn 
Real'tirri^ cU^t 
I/O 

Mowing \\m^ Klhk 
Floppy dink (duivl) 
Primer 



\ 2,500 
2,200 
JOO 
400 
225 
300 
350 
150 
350 
W) 
500 
5,800^ 
13,000 
NA 
5,500 



I 650 
550 
100 
375 
275 
1^1 eluded 
Included 
!50 
Included 
50 
^ 500 

5,eoo 
\2xm 
4,aot) 

4,950 



SUU925 125,200 



TmhmM$\^tx\ advances cause changes. The siophist- 
ication »f a cJmce can increase while the price remains 
the mm m mm increases. Prices must be studied 
carefuUy fair other factors. Some pric?^ are quoted for 
OEM buyers. These are stripped units with no cabinet, 
power supply, controller, etc., which are to be incorpo- 

^1- Charles T P^yne - m University nf Chic.mn Library lUt, M,inii^emcnt System.- in fi^.^^f^m..^^^^ 

Uft^r^^p^ntetUnh. 1974 Cimlc on library, Appl.<..,nmnf Pr^nfi, ^fl Apnhn ! M^y IW (Urhuna^ Ihampa.gn, III,: Unw.r^ynl Hi.r.n,., 
Mite ScHjioi of Library Hcienre J ?n .* . _ . ^ 

- I^b^^of cingre^. Prcx.ur.mm. and Supply Oiv..nn. "^m Ck>mpui.r Sy.,.m.; H^^M^t 1^. Proper.! Wa^hmgion. I>X. I J 7. (M,™ jMp^d _) 



the.*Ji trchndogy prwliefrd icrchnulogical dev^lupmrrUs; H^f FrHeric k iV WiihinKtnn. -jflt^y Wd m\: A 1>f hnulogkd Forfcast,' 



" Marty B.JarCi93,*'Minicnm||jiicri 



hrriih; What /^rr the Hcyl Ck^i Hrjnfi^U;|^?'\if/ni^A/ifFo ^^/^nd) (May W^)- m.. 
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users nr^ hlRlw, ficcaiisf! lliny. iirrfl ^(;<inipif^t/i^ mm 
rcacly '^mc ptkm arc ''pnriki!»,g;«^Si'' iw 

."sysl^Tlifl" \hm imlud^ mvcYvd v.nm\mmm m\h m' 
dmm d mwlel or fcnturrs. Home [niam lor pt^fi^jt^f^r^ih 
do fio^ Uitlud^ !h^«^Dntn)llrr, wliich iriUHt \k. pxmhm:i:\ 
m fM^prirale pimx of ajuipinrrii. .^oinr;liif^i.jn.^ thr; 
ccjntmllirfr of tlic larger CPU ^ymivn., wlikln 

meam tli«l; tUm f/U device would HUM wurh is 
diftert^m «i;i;)(Ul(ai(;(iirer's (JPU. 'Jlie prkc:8 of! ini^jor 

imkp(*m\fim tWijponrnt inariufaeOjm?^, /^^ifrmlly im 

CPU . 

i hii CiFU most diffidjii in r1f!M;irniM^^ 

cvaluaip. The mij-iri olcmriUH iiswl i.o d^!^^;ri}l:M' 
pti^jcm^r im\r^ siandard, hut lisliruphcm ikm 
Xi^W xhi^ wliak ^U^ry^ Note thar tlsc: mm\\\m:\M^r Hh\ 
each <al iih« k)\\mm^ CPUs usrs diffcn^m chniNimiinris^ 

Memory* M;^.^ (l))'iffss ) M :UK 
. Wcirtj M:Aif^ ^ Ifi 

Mem«ry <by^f ) 1 f)K ^ 

Cyc|^?jf^<:j (;;^) w t (5 ^ ^ 

Tran?inM5^^|!im Cf^ii? ^' ;irty7 -1 1 bilji tKir 

Mai n r^e^m^ry I { \ 0 (kc ) 

Addr^ibl!^ fvgifi^<^r*>« ^/p,\rtifirui. rxtTptKjonifiKjn 

No. of yO^-hgiimHi 
I alowfjp<^f<iA^^f piHrtjiif-Mi 

Memory Nj/.v; ^ " ' " 

Word fi\t,t. >^ 24 bk\H . .. ' ^ 

Cycle spif^djMJ-U) - _ 

Mam mtiWfffy vnp^i^' «v 32-H()(Kb) 



t ini 

himujiuturtr fi 

NfJ, i)frr^iMrifi ^ 2() f= implirit rrgister * ^ 

MfiiMiry iiizn (wch) lr)!HK (4IIK iivailalile !» iiW:r) 
fiitfi/wnni ^ It 

Pafiiy/Prntrtr IkjiIi ; , ' 

Cytie liinf - Lfi 
Piigifi^ ^ yrs 
K( )M (,'finir«il fnriiif iry 
lihstiiir tioii.H 

f>f}t!l>!r! firrci^ioii ^ yes 
fllardwrtrc)fnijhi|jly/div!dc NA 
flnaiifig |Kiiiit NA 
. Htiif.k riiiiniprihition yi^ " 
PriorUy inirrrupt ^ IWInveh 

Kvrn with prcjclucLs of a Hiiiglc jnanufaclurcr thc"^ 
coniparif^ori In tlifficuji. Vox cxiinipic, the IBM 370 is 
knrjwn as llie latest iri largi^-Hciilc coiTipiitc!^, Mowevcr, 
'^70 h a serien nurnl)erj and a second niJinber identifies 
the nHKlcL At tlie top of ific' 370 series, for cxaniplcj is 
tile 370/16B. At the other pnd of thq scries, the 
370/1 15 MS lifted m the minieoniputcr, The Digital 
Ikjuipiiicnt Company manufacturer a minicomputer 
scries, callecl PDF-l L The mzc and power of this series/ 
varies' from the PDrMl/04 (4K memory) to i)/c 
PI )P 11/70 (12BK memory). One rnanual listed the 
ba>^e price of th6 PDPll/^as $2,995 and the base 
price of the PDP 1 1 /70 as S54,600. 

Hoinetinie.s mcxlel numbers for a series arc based on 
sfjftware alone. For example the Geriaral Automation 
data nianagement DM200 scricH (220, 230, 240, and 
2bO) all use the same hardware; they differ in their 
.softwares W ^ 

220— "Remote joli entiy 

2'J0=Htandaior!edjatch system using disk monitor 

o|>era!ingfiy.stem (DMS) 
240— I'oreground / background (cominunications / 
batch) using communications nnDnitor system 
(CM8) " . 

2.00— rimc-sharing and batch using time-sharing 

()jx!rating system (TSO) * 
Ikcause of the wide variety of CPUs, it is difficult to 
state iKjnchmark prices by categories. In fact, price is 
not always indicative of capabtlity. A Cieneral Auto- 
mation DM 230 standalone batch system was com- 
- pared to ''com{>etitive systems," ranging in price from 
S47,650 to 882,595 (Table 21 , /it isdifficuji to be 
sure that wc^ arc corTiparing apples to apples, since the 
configurations shown vary in disc storage capacity, 
basic system componentSj and. card/line printer rat- 
ings/' > ' I 

ikrn, N J: Aiirfh.ich Ptihlishen*, lf)77), pp. Mfi, 70,79, I 10,^62. 
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Tabi f 2l=Comimri!M)n of "Comiwlllivc SyMcim" 



'Main 
Mfmory 



hKC! Diiiasysirm :nb J-IK hyf^v lOM Ijylr^ disk Mninifr 



(KiK Ijyff*^ it^M l^ytr'' dink HMiniHr 



I'lic fivr daKscH t>f riiinit oniputcrH jUit t()grthrr '\n 
Chapter Thrm as saiiiplo HysUMns rati l^o prirncl m a 
basis of coinpairisoii Cl ublc 22). TIk- prices thai follow 
arc (or cnd^scr sy^tcrrm and are on the higli end of tlni 
price scale:. 'Fhe pritc for the pro<:c:s^ior is for thc! largt^st 
end of the rnaiii memory range and includes llie CPU, 
main memory, control, e<)nnrnHiit aticjns cnnrrol, 
cha^is, power sourcer conliol panel (or console), 
support software, and operating sysi«:rii. It docs not 
include a compiler, 

TAbii: 22— Com of the Five Classen of Minit oitipuicr 
Systems 



Price ' CUsi 



Memory 



Oaicgory 



tfiCKMKfTOCK) I 
$15,000 Ml 



$:h).()o<j 



$76,000 



in 



IV 



(IK) Intrlligent terminal (IJiita 
CJollnrtion) 

(32K) Hirnplr c?<rt:iitivf: hioriiior 
or sin^^lf" biitth ^cnrfal 
applk'iitibii 

(OIK) Hinglc (ir rniiltijjlfi batch 
with -ge fie rill iip|>licati{Hi3 
int-luclinH lifting 

(I2HK) Intcfaciivc sinHlr appli = 
ration for multiple 
' onlim- users 

(fHK) riruc-NharinR interactive' 
system with rnultiplr ap- 
plications for rniiltiplc 
online users 



' 'laking these as ba^^ figures, the cost of tlie various 
peripheral and software packages t() lK^used can \ic 
added for a total system price. ■ * 

PeriphtFals 

The peripherals chosen to fill, out the luirclware 
configiiratioh deserve special cnnsiclcration. Not only 
<lo they perform (he system intcrfat:e to the user and 
thereby influence the efficacy of the system, they can 



I/O IJrvhfl 



in Y, lirir prinlrr (Hn) ||im), raid rradrr (4IHI 

ITY, (inr jjriritrr iM^\ Ipin) ^ 

iNijK^r !a|M' itipuf, mm Uyyt^ dfvi(r, 
'V\y, linr prinirr (^(K) Ipin) 

WurksiatitHii lifie jiriiHrr (IMJ Ipin) 

fi)hsi)lr, CiiVr, tniiM la|H- xlrvirr, W Iprn prii: 
•ItlSfir asyru; rnuUi|ikKnr 




ainatic 



"■^ "prriphrraU hUku the Mini 



involve as niu<:ft Us !K) percent of 
I able 20) of the hardware, Also|l 
drops fountf in prcKiesscjis have not|m^urred in the ; 
of |Kjriplicrals, / 

Fn die early day8 of thc/i^iitiicomputcrj moBl 
peripherals used were exlNtin^fjnes designed origirlally 
for large-scale epmpuif:r^= "I|)C miriiijeriphcral market 
;has nnvv developed, and ^nere lire many choices for 
niost 'devicus, There arq/three sources for peripherals: 
the minicomputer (prpcessor) manufacturer, the 0¥M 
manufacturer who ^6IIb the peripheraLwilhout inter- 
face, and the independent manufacturer spc^iaJixing 
in complete pIug4ompatible peripheral systems. 

As Mfj^/ifm /Ma pointed out; 

nie safest aiid emmt way 10 buy a peripheral is from the mini 
ifianufaciurer. 'iTie mirlimakcr has deiigned, tested, arid fabricate 
eel iiiterface logie and diagricstic/ debug ' software to ensure ■ 
troublr4ree tiiatirig^ of the peripheral with I he tnirii. However*, 
since/the mini manufacturer usually sells only to his baae, 
prc^luetion Is limited and pries tend to be W|her than the other 
tWb alternative, 

Independent nuniperipheral manufacturcnAuppliers are the 
second alternative, Fhese manufacturers can either manufactjsre 
their own complete peripheral sub-system or they can buy from an 
C)HM manufacturer and provide a specialized interface for 
certain mini models. Mm of th^e manu/acturers have a high 
degree of flexibility since they arc not locked into a specific make 
or model, and "they are generally 1^ expensive than nriini 
manufacturers because of high volume in certain peripherals. 
Hie ttiird altcrriative k for the do=it^youfselfer who likes to deign 
his own hardware and .^ftwarc interfaces, 'Hie peripheral can be 
purchased from an OEM manufacturer and the controller from a 
variety of controller manufacturers forihe low^t price of the three 
alternative^ 

The advertisements for peripherals manufactured 
by independents all cniphasi^c which mini model they 
are compatible with, Industry magazines prepare 
survey articles and include charts that show which 
independent's device fits which minicomputer. 

Mini[>criphcrai5," Aftftifm Dm (\{\'>ci:cmbef 1975}; :14, 



ERIC 



ICKj 



Ani)thc!r fiia't of tlm iK^rrplicnil tnarkt't in ihv "IIIM^. 
equivalent" m "iBM^Maiulanr* piiHlmit, Homo |K'ii= 
|ilicralsj|a doigrn-cl to rcplaec an IBM device* in Nuc-h 
a way At the pnK:t^m>r arul ?J()ftwar<- arc' •Ignorant" 
of the substitution, Korrxamplc?, (liHk'rartriflgc ^iysturnH 
^trc prcscntnd a^ ccpiivalrnt lo tlm IBM 2:^13 or f)H(), 
and disk pack?i arc! tim\r\]m\ *\h c (juivalciit tn IBM 

The iKMnt \m lK!cn niadci .that pniplinralH arc 
e?€fK!nsivr; a high pcrc'cnta^e of the c?OM of iJh! 
peripheral system Is for the inii-rfatx, Jnlirissnn r()rn= 
piled a tahlr tliat ilhistrated thc^ piopcirtiori of th<^ vmi 
of the intrrfacc to the; prici^'c^f thc^€|(-vir«^ ( l ahh^ ^j),*'' 
T4III.K 2:i^CfmipariS4)ii of Coi^h of Periphcrai l>cvicis 
) and Tlieir IiiUrfaccs 



Pf'Hplicrai 



I'en'phefaJ !>evUc 


Peripheral 


Interfere 


Price ($K) 




TI 3330 Moving Mpitij f)i.,k 


20 




Tl C^nridgie Moving I lead Disk 






TI Magnriic TiiiK? 






pec; Cartridge Moving llcacl Disk 






DEC Magnetic Tape 




3.;i 


AKD Floppy Disk 




iJh 


Shugard Floppy Dink 


0.75 


\Ai 


%kcs Ciw^ictte (K82:i2) 


0.f> 


1.3 


Syk^ (!a.^t(e (Miniccjinputrr 


0,0*j 


1/j 



^ St^mc independent iS^ufacmrers supp!y interfaceH 
designed specifiraliy for rertain (kvice m/KicIs and 
Till ni processors. Some firms do eustorn i,riterfacrs on a 
demand basis. 

ft should Ix! |K)iritrclout that adcNon/add-in mrmo- 
ry.nuKfule^ arc! often consitlerrd peiipluTaisJ^ 'rhcy 
im ofK^cd by the 



mn be ofTvred by the prtHessor rnaruffartiner or an 
independent vrridor, rhey arc nscd to enhance, 
migmentj or replace e^^isting memory within the hmits 
onheC:PUands()ftvvar(s * 

Nlusi^ Stpr4igc Devl^ffi 

Thcreap\h^qbasie typt^^ mass storage: secjuentiaj 
ikp<\ direct aeeefCH, 'rhc srqurtitial devices are usually 
^iDwcr^than direct access ones, hni ihcy are simpler. 
They run on smaUer, less HOphistii aied (thus U-^ 
•e>Kpensive) hardware Atni spftware. Secjiicritial fTicdia 
vary from paper lapt^ ancl "piineli cards to mai^netic 
Uipcs (both c. asset te type and imiustry-sratidar^l). 

The main characteristics f)f HetpH^niial nu clia are 
H^ycrd and euise of use. Capacity does not enter in with 
mrds (except for capacity of t:ard h(»ppers) but can Ix^ 

"*.J Kyil JiiliusM-n,-"rhrC>Ki C HiiK«ik fur lyriplicral C:<»ntpillrn;' ,M,ni~.,\!t, 
'f 'TrHphfraUMakfthfMini/'p i<; 



a factor with lerigtlm t>( ta|Kh 1 lie data traimfer nitca 
deterrjiiiiU' the price of a devkc* *rhe rai^ji for rr^nding 
and piihching vary for. pAjKn- tnpm and piinoh card?!,, 
hut magnetic; ta|>e read and write rates arc Hie mmc. 
I'or all ta|M: devices the H\yt€x\ ean vary wiih th^ fKivvq^ 
of the ta|K^ drive; fa^t forward f^r rewind N|K!ed^ alNo 
can vary and affect system efficiency. T^ibles 24^ 2B 
show the c:o.sts of varioUH rnas,s stcir^gc devices. 

Paper rape and puneh card devices, 

Iablk 24^P^|K!r 'lape (Pcribralcil) Dcvlees (llvt-. 
Six-* or Elght-CJIianncl 'ra|>e) 

~ . " - — — - - — - - 

CMe^ijty S|£eccl (rimraclcn per second) i*Hce * 



Punch 



Hrnder/ 
. Pimrh 



^low. up to 1(X) 
Mediums 100=300 



<^«ntrollftr 

Shooo piiiJ! %4mo 
to inm) 

■\ _ ^ i t^omrollcr 

Fligh: greater than 300 " 
Slow: up to fifj * 13,000 to $9*900 
Mcdiurn:6l-I20 $^MK} plus $4*000 

to Sfj,000 
cqjiErDlier 

W,20Q 



Note: The pricf^ are only s^^mpl^ randomly ch«ieri< Tim Control- 
lef iTiay \x part of the inainframe system, and the maiiufac- 
hirer s unit can be used only on its equipment. There may 
Ije a .'separate cQiU roller j which must be purchased separate- 
ly, or the device rtmy have thq contrcsllcr installed in it and 
included in the price. . ' 

Tabijc 25^Punch ,Card Devices (OO^Colunin) 



Category Spe^d (cards per minute) 



Price 



rtrndr 



Slow; 



up to 300 S4,(XjO to 16,000 
with controlier 
Medium: 30I-7D9 . Up to §10,000 with 
eontroll<^r 

n*Kh: . W10-J400 . SIO.OOO (o $15,000 ' 
vvith controller 

* "'""^J ^ ^Slow: up to 70 Sh900 fjlyg con- 

■_ ' trailer (S750) ' 
Metlium: 7N|49 > S9,000 to $12 000 
liiMh: ^ 150-300 SiO,000 ,o $30,000 
Rcadrr/Putich Read 'MK punch 60* 89,500 phis con^ 
' ' *^^^>Her (51,900) 

Multipurpc^ Read lUjO, punch m SUM plus c^n- 
unit (i-an = tfollcr ($2,100) 

inrhide _ ' ' 

^irtcr) 



Magnetic tape cassettes and cartridges. The tape 
cass(!tte is (he simplest magnetic tape devfce. It looks 
like an audio casscitc and was introduced by Philips. 
The cartridge was developed by IBM; it hns wider 

Tu Si \tefm 1 0 (J a n u a fy 1977): ty|. 
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tape (therefore more tracta) and more capacity. An 
article in Modem Data compared the two forins (Tables 
26, 27): 18 

Table 26— toniparison of Magnetic Ta^ Cassettes 
and Cartridges 





Caiserte 


Cartridge 


Price of drive with read/ 


S450 


%im 


write and rnotsf control 






electronic^ 






Priee of a^unit (cas^tte 


$ 8 


% 20 


or cartridge) 




23 N fcits 


Average capacity of media 

\ . 


5=4M bits 


(2 tracks) 


(4 tracks) 


Average transfer rate 


BK bps 


48 K bp 


Table 27-^ 


Tape Casieites 


Read/Write Rewind 


Density 


Price 


Speed Speed 


1 




Rangs from 0 20 to 140 


1 2d ' to 


%\:im to S'ija.) 


to 30 ips ip3 


iooo bpi 


single drive 




S2,:50<] to v^Am 






dual drivp 



Industry-Standard rnagnetic tape. IS4agnetir tap< on 
open reels of lYi^ or lOMnch diamftcT is the torTimon 
tape for both large-scale computers and n unic ompu- 
ters^ The tapes have seven or nine f racks and art- 
recorded at 800 of 1600 bits per inch (bpi) Vhv rt-ail 
and wriic speeds range from 10 tcj about 7!> iru h< s r 
second, or 10 lOO thousand bits per second ( lOU 
KB). Some devices come an ilusrcr^ tumpu^ed 
mullii =e drives and rcmtrnllci uniu Plur^ wuv 
according to cornbinations of vanables pic .^riu ( I able 
28). 

TaBLJ: 28— tndustry-^^taridarci 1 ape llri^r^ 



Tracks Density Read/Wrife Speed Nu, cif [Jriv^s iVii 



? 


BOO bpi 


1 2 ^1 ips 


1 


9 


m) bpi 


i 2 5 Tps 


I 


9 


800 bpi 


12 ips 


I 


9 


BOf) bpi 


10 KB 


1 


9 


800 bpi 


% KB 


1 


9 


800 bpi 


20 K 


1 


9 


800 bpi 


40 K ru*s 


I 


9 


BOO bpi 


flO K BPS 


1 


9 


1600 bpi 


20 K \\V^ 


I 


9 


ibOO bpi 


40 K BPS 


1 


9 


1600 bpi 


80 K BPS 


1 


9 ^ 


800 bpi 


. 18 K B 


i 


9 


800 bpi 


IB K B 


4 


<) 


nOO bpi 


17 5 ip 


1 


9 


. BOO bpi 







I 7 
7 <i^»0 

H,nO<) 
JO 4(H^ 

7 h:>o 

1 sm\ 
1 7 ^( H> 

Jl/K^t 
28,700 
2{>,'«N) 

lli;t)(H5 
h) J'"5() 



F^pacoivff UTERS m federal libraries 

Direct access storaf e devices. Direct acc^ mass 
storage tise^s disks (diskette or floppy disk, fixed-head 
disk platter, movable^head disk carrridge, movable- 
head disk packi^. Floppies are better compared to tape 
cassetta than to the large disk devic^.*^ The price of 
the drive is about the same as the tape cartridge drive; 
the floppy itself c^ts the same as a ta^ cassette and its 
capacity is smaller than that of a cassette or cartridge. 
The transfer rate is significantly faster for the floppy: 



Cassette 

Cartridge 

Floppy 



8K bps 
48K bp 
250K bps 



Some floppies are compatible with IBM equipment^ 
and some are noncompatible (either in the data tormat 
or the plug for the drive); there are single; double 
density floppies. 

Each device conies with a drive and a controller. 
I hc units come in single, dual, or triple dnve^. 



$2,800 to $4,500 
$3,750 to S6,0O0 
$6,200 to $8,000 



Single drive and controller 
IXial drive and controUer 
I riple drive and controller 

f^iAfd-hmfi disks. The fixed-head or head-per^track 
disk IS the fa^te^t but has the most expensive per unit 
capacity The total capacity available is less than that 
of a movablc^head disk. A unit with a 512K-byte 
tdp^i ity costs S103B0. One movable disk pack ha^ a 
2nM-byie capacity and costs $9,500. 

Uuk tartndge^.. A disk cartridge is a niuvable-hcad 
dihk m a unit of unc or two platters. Single disk 
i afiiidMcs air remuvabic which means the files can be 
iiansfened phyHitdlly fioni system to system. Double 
disk cartridges are often conibi nations of one fixed disk 
and one removable disk A niiinl>er of charactcnstjcs 
. an ix^ u^ed to deNcidx: disk c^irtndges, but only a few 

air sighifii ant i^* 

Diive capacity: storaj^t- i*ip-ifity in megabytes? usiiig 

unforrnated data 
\vritifc^r atuCftA Unit. ;.|.v.ed lis pO^i lioi iiug lu 

irady to read or wrue (expreHf»cd in milHscconds) 
l.anhtti latr. ,cad tn Wr ilr ?.pced (rxprcjssed in 

kilipt>vtts IK'! y^cKi-n^d) 



M» Ibid 



1 
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T4BL£ 29— Disk Cartridges 



Capacity 



Low Ca^city 

Ki|h-Dcrisity (30O(h468O bpi). 23 to 26M" bytes 
High opacity * * 



2,5 M bytes 
4,8 to 6.25 M bytes 
9S to \2.bM byt^ 



Price 



$5,950 to 511,000 
Sfi.DOO to $14,000 
S7,5O0 to $\2M 
%lb,mO to S243O0 



Access Time 



45=90 ^ 

38^90 ^ 
33 /us ■ 



Tmnsftr Rate 

180=^3 1 2K hytm/s 
130=31 2K byta/s 
I8i=3l2K byt«/s 
312^937K bytea/i 



Bit density : the common density is 226o bits per 
inch, but sume nrwer disks have clensities of more 
than 4000 bpi, * - 
JVicc: prices incjude the drive atid the contrDlier 
^ Prices are related to the c^ipacity of ihtj tartndga 
(Table 29). The capAcitie^ range from 23M byim tu 
lOM bytes \vilh several e?cceptionaily larger ujiits 
available. i* 

Disk packJ. The dkk pack k the largest capacity urnt 
Within a unit there can be ID or imre platten) that arc 
read by a movable head drive. Somv disk pack^ ad<l a 
second drive. 1 hetsanie eleJiierits arc important bra 
disk pack as for a disk cartridge: capat ity, areess tmic;. 
and transfer rate. Table 30 compare?^ prirrHPf various 
disk pack uruts. 

Tabu 3i)^D\A Packs 



Capaciry fSuinber of Dri\^ Price ^ith Ccmtroll^r 



20M byt^ to 
WM bytes - 
40M byte 
80M byis 

95 M byt^ lo 
byffs 



*4dcj ScL'uMcj driVr 
. On ^ 
One 



S! 1,W to SlB.-jm 
SIU,(XH) rn Sl5.:i(.H) 
S35.(K)0. tP S40,nm 



Man/Machine Interfarc Devivc^ 

IVfan niachinr ihi^rfatr tirvircs .naf.,., ..id input 
information jn hiitnur^uiulrtstandahle- Unm I hv^v 
devices differ M^mfft aiitlv in lupui »mtput iMpahili. 
ties. Hoim are inpui utily, t^thun nuiput onlv, uinl Mill 
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others handle both input and output. Some are 
hardcopy, some display, and some both. 

Punch card readers and paper tape readei^ are 
input only devices and were discu^ed under mass 
storage devices. Printers are the rnost common output 
only devices. 

Mnters. Pririteri vary according to several charac- 
teristics; 

Speed — ranges f roni 1 0 characters per second to 

1 8,000 Iinc5 per minute 
Price — varies from approxinmtely $100 to 

83i 0,000 
Method — impact or noninnpact 
Mtydc — character at a time in a serial format or 

line at a time in a parallel format 
Character innages shaped or dot matrix 
Character sets — 64 (upper case), 96 (upper and 
lower .case) 128 (upper and lower case plus 
special characters) 
^Vype of paper and paper feed — heat-sensitive 
paper, friction feed roller or sprocket feed roller 
tht:M: all affect the ability to print special 
funm and i>i fnultiple copies. 

i'uiiter un^t^ tontaui an interface to the computer, a 
p<iv^rr supply, and ^outiul electronics (sumetinies 
UK IiiLiiiig u buffer). 1, ' \ 

\!ufUni Data prepaiL-d a ^unimai^ m/ typical printer 
prices ,M ihe end of h^?!) ( rable 31).^^ It gives an 
(isen u tif tlu pruiicr rii<u kt'i 
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Tablk :U=^TypicaJ U.S. End User Printer Equipnicfii Prices and Speeds 



Impct Character 
{Shap^ Character) 
Sp^d (c-haJacters/i<^£>rid) 
Price (SOOO) 

Imp^ci Character 
(pot Miatrix Character) 
Spe^d (characters/ second) 
Price .($000) 

linpaci Lific 
(Shaped Character) 

Price (|O0O) 

Non-Impact <lharatt«"r 
(Dot iS^athTt Chariicter) 
Speed (charatters/ second) 
Pri<t ($*XK)) 

Non^Irnpaci Line 
(Dot Ma<ri^ C'harattn ) 
Speed (linai/rninute) 
Price ($0()0) 



1-4 



My l(K) 

2 H 



A ' ^ 



m 120 

44j 



1 j3 m) 

4 12 



74 W'J 



N^ultiple copies pc^ible, 
preprintrd fornis p^ible 



Multiple {"opi?s pt^ibie. 
prtri3ri.med bmis pc^Mble 



MuUipU^ copies pc^ible, 
preprinted forrj-is fws§ible 



Siri^lr cnpy only 



Rrqmrts special pap^r, 
ciipy only 
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Teletypeiike Termina!?^, IVlctyjHhkr [tiiniiialh 
have keyboards for input; they print on paper foi 
output. Some character piintei> vvstfi krybiard^ in 
eluded could quaiify as i npui outpiit irnniiials. Many 
of the same characteristio of thr pntik r applv w xhvHC 
**ieleprinters" (impact aiul nuniitipatt priniiri^, ^p^€^ll^ 
from 10 to 120 charac tt rs pt-r set utuL uppe r caM antl 
upper/lowr ai^c, BO t har.K rt;rs f>rr linf mi U ss diul up 
to 132 cbaractcrs per Yniv) TAhlv '^'2 i^ivrs \mi r ran^r^ 
for Various type^ uf l elctypt lik?^ trrtTiinaU 

Ta^U; 32-=TypkaJ l>lciy|K-iikt I tTminah 



iMe Width 

BO churat ten per 

hhe or le?is 
More thiin B() 

chafactrii per lii»c 
Generally BO t>i imtty 
. charaCtrfs per hrir 



^Print Speed 

Up l4> U) c hAf^u lrfN 
p^i src tinti 
P 



Up iti 1 m 

'STi iiru 1 



pel 
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l)iHplay rharactcrs (total number clispluy ed on the 
scret^ii) ^ Usually 640 2000 cjiafacters, 

I'orrnai (number of characters per linr and number 
uf lines per screen; the prodwct ol the two equab 
the lotal nuinber of display cbanicters) — Confi- 
inon brmats arr BO characiers by 12-24 lincs.^ 

SY^vd yht- Hpccd is equal to the tran^rniHsioii rate 
Im ause there iano slawdowni due u? itiechanical 
(It vit ^H. ^ If the CRT 1^ connected as a TFY 
ic phKrnient, the coni roller ^vill triiii^^init the data 
one c haractrr at a tinie. v^ith a 55p<^ed that varies 
with the kcytoard operator. M'he printer will work 
at a r^tf eamparable to that of a Teletype; The 
muir st)phistieaU-^l c()iurullt:^rH allow tranmission 
[fi hUK^b at mmmuriit aiiniiH H|Kntis, e.g., W)0 
BAUD 



Kcybi?ikrd/Pi?»pl**) I ti lulii-^l- 1 In- 'ni*'^^ ^nirn!!..., 
keyboard/display terininals usr i^<\ for dlsplav 
AlthiUJi^h these havt^ Minic- rharai n^tu ^ tn totTinitin 
with harchnpv pruitrrs, (Mhrt ( ha ut* U i i^iu s an 
peculiar to display iiniis, 

(character forntat (si/c tjf th* U^-i ni.uii^ umJ u. 
((jrtti the eharac trrs] ( loiiaiMui patifi ai, > 
hv 7 nr ''j Ijy ^ ( flifMiiofr doth, ilu m«Mf h^l^)h i 



l^ppCi tu^c lO^lpr upper ItMver 
i d?,c t^t))^ a fes^ v^ith^|KMai i ha Ja^ters ta[)ability 

:.p<ual U.uu.. HutUiol tui Uoflcred , page 
nuKlt , forms till m forinatH; fun( tiOii kcyH; line 
ciiicl rbararter edit capahilitv, duuhlc svidth 
t haraf-tiTS;'' rciriir ul hihlc rLipor. irvrrse vicieo, 
^jhflkl^^^. built In [lUKlehi , a! ou^k t oiiplt^r : pi^r- 
[able , atitl £ (ih>r 

riiu^?^ vary artnidiiiH to the u Miibniaiioiu nl fea= 
Aiid eU^inriUh Vbv iKHttiiii Uvrl is arountl SL^OO, 
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andythe idpik inan than Si 2,000. The top end has 
fe^^res that place it in the intdUgent lerminal cla^. 

^me C^T controllers handle multiple units m a 
cl|ls«er. S<inic units have the capacity to plug in a 
^fintef fof hardc6py output. 

In ftlany cases, syHems software and an operating 
SyBieth are incliided with the purchase of a minicom^ 
puteJ processor ^'E^ctras/' in the form of utiIitie-5. 
conripilers, and communications packagCH, are sold 
sepiraiely. Some maniifacturcn offer appi 
Bofxw^f^ packages dedgncd for spcciar piirpc^es. Many 
Oin^Panies vviil not sell these packages, but oniy lease 
thatTi, to protect iht^ proprietary nature of the pa£;kag= 
es. rhis iirrangernc^t usually aJbsvsihe mcr lo receive 
0ia latest, most up=to-ciatc venicm of the sofiw^are. 

Die fc?llavv^ins| prices are offered from main mini 
inanufacturers' business systems lists. 1^hey woiild not 
fiece^rily reflect prices froni a systems hou^c^ 

OmMm S l5/rnonth renEaJ 

C^mpihr S 25/ month renial 

■ S 20 io S.-^/rriorilli rental 
S I 1 tu S! l5 Vn^inth rriiiin itriarKr 

PUfch^^ * % 50O to SBOO 
; S 600 to $ 7.^>0 phis ir.rrici. inonth niahueiuin^r 

Lcas* fee S 173 / 

S 250 io $1450 plus llO/iu Ih^ ,ru»nih 

S*>50O in $4m) / 
Monthly S 7& to S 420^ month / 



.Many of iK*' nu4jor rnin j/f niiputci fiiainj.i. 
ofief entire! systenis, Sut h aso^strm nitludr?^^! , ufiiplrir 
hardv^are Cf JiifigniratKJfi, a snftwurc [uu ka^r . . arui 
soinetimes t^vt^ii appljialKUi pac kat^rs Mir ssstrm ik 
offered ^t a price thai h ks^ t\uui that of.i pwcv bv 
pieces pUTcluiw. l1us is pariicuiarlv ifuc^ftii irurlli^rfu 
tcrminaisj svhich often hdw all \hv (oinfMMiriu^ in a 
sirtgk c:ab^nel Harnc system?^ arr f<)r ((rneial ^ippluj 
tioris, butB£)rne arc ron figured f<)r spec ial pur |M.>sr?^ Wn 
example, ^aytht-cm ha^ a nvstt^ri) rspt lallv JrsJ^nrtl 
for distjibtJ^ed pHKc^^inL* Ni^ital [■:(ju!pnu u i Clorp 
h\A a vvf>rd prtJtrssinir sy^trni in ihv llatasyMcm ^(Hi 

* * Hlpv^A Ik'hit k, Ixlrfisiiisl j Afmori, .sn^i Anhuf ^crkps, '^1,,^^^ <■! '^iinill it.. . 
'* .itMff^kk (iam.i iftiiitr lu F,,f ihfcirnwn 'lifi iin trrinu iirsj^iufrts lit, iihru,jo> w \.tinru 
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Keries; and Biirrouf hs has an entire series of systems for^ 
vvork-stacion based data cntiy /inquiry, 

One type of systenri the smail business cornputcr 
- has received much attention arid has b^en widely 
developed by the industry. These systems Are '^general- 
ly characterized by purchase prices betieen 35,000 
and $100,000 and by a strong orientation, m both 
equipment and software, toward con veatiorial business 
data pn)cessing application.'^sa T^hey are developed by 
the mam rnlnicomputcr manufacturers or by indepen- 
dent system hotises or tur^nkey yendcOT> ^This market 
was assessed at gl billion in 1976, and m has received a . 
great deal of attention from the trade press. Ajticles - 
that survey and review small business systems appear 
routinely, and loeseleaf services such as '^uerbach's 
Buyer's Guu^e to Busmm Mmicompuier S)isiefns^^ offer 
current iniormation on the raarkct. 

One rnust be very careful in studying iy^steins fia 
described in the pre^. Not every vendor "^undlei'* his 
systeni the sarTie way and'not every reviewer presents 
the data the same way. For exariiple, the i)aiamatian^^ 
mrvt^y described the Datapoint Model 220o one way, 
and Mim^S^ficfo Spstems'^^ descrit^d it quite another: 
DaCamaciiTn MLni^lVflcPO System* 



Mn. install ed^d^ie; 
9000 sine? April 19?2 
MultiprograrfUTiing: No 

■Applicationi: ban|tiri|, 
insurance, ffsverrsment, 
accounting 

InternaJ ^t^r^-ge 
4K to Ifiii MOB 
(32 ^) \V 

Wofd si3c/ai<i time. 
B hi 13/ 4.8 Mc 



Disbi flonpv'-'iV-i 
\t me t fl adir -A; 

u> rrrl, iii^rite '|i ■ '* 

fHiiiiri ( 120 t f^). \ 



CPU 

Word length: 8 
Memory capacity: 4=^l6K 

Data Entiy T^rninsil 
Video 

Card Header 

80 column (300 cpm) 

Capacity; byi^ 
Mag Tapf 

Cartridge (2 units) 
Reel 

Sena! 112 diiumns 

m/M cps 
^»efiaI 1 W cji\umns 

I 20/240 t;p 
Line yyi vo\\it\\m 

/Wynehronoua and 
sync hronoua 
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RPG BASIC, a^mblef. 
D^TABUS, SCRIBE, 
DATA POMi^ DATA- 
SHAREt ^eootffitiiig 
pa^ka^^. DBMS 



f*rt}grQmmfhg LangUagts 
DATABUS, HASIC, ^i'C II 

Online batch 

Monthly rental SI,2()0 
Software md stipport eun Maintenance 

How docs' ^ne compare these dmrn' The Dahifnatum 
price^is for a basic syste^ti (probably tht^ prneeiHor nnly, 
wi Ahe lov^er end of the memory). The cost of 
stoSge de^^^, peripherals, and data conirnLiiiu atioris 
equipniar>t Would be c?(tra, as v^'ould the rat of 
saftware. The klmi^MiCm Systems prit:*? iiicludo inore 
and is mare representative of whai this syst^^m vvould 
actually cost . ^ 

An interestiiif comparmon can be riuailt- txMvveen 
two entries m the DnUmtUwn survtn : 

























fSij in*l»ilf?l' 












Si u i * t pfx>j^4iT* Hi t n 1 
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C !jjf¥irriUriiC*i K'fti 




















in^eij^'Tv It*"! 
















i Kn.M-ini 




|;jK Mil J?* , I h /uj^ 






11 tills. If* (fe*^ 


H hi h ^ ft t^M^ 


*tl(j turn 




















k^itlr^'it, W,|iifittul 






in'lf^n! '?i|t!rrif!.tl 








Hrf i j^.- l 










print 'U? i*'"^ 












, m lpr?*i . 


M tsi 1 |illf I ^ 










, l)\ 1 \ Hi 




«<iifi:>h!lt1^ = 


Si Hfhl. 1> M M 




fflfni'lii Sift 

£li|i|I>!ll ihi iihli^'l 


\;u ..h 



rhf- difff rrnt^t^?. h<Mc nU-iii (um* - U iiuUui*^!!. sl^ 
basic systcfn- For th^- niiiiiii-^Jiipu(<i ? luahuLu t ui • i 
natapoint the bai^ir pru e is \n\ ! hr [Hi k rsM m arul ntiK 
3 few peripht:raU, sifftvs.i rr i 'u Imit^tl I 'm t br 
isyntenis ho^ise veiKlor ApphcMl Data 1 U piDii lu mh .i ti< »hn 
the haHir sy?^iefn \^ iiu?rr inibiNKr <uul iiuhulr-. i he 
software. Again, tarrful t !>nif>ans<j|iN onisi inadr 



EVALUATION 

In preparation of an RFP, the criteFia to be used in 
« reviewing the proposal are drawn up 'and' often are 
included in the RFP. The criteria should cover not 
only the hardware mnd spftware, but also the manu^ac= 
turer ancl/or Vendor's track record, the previous 
ejeperience of the system (or hardware), and the 
responsibilities fnr maintenance of the systerii. The 
University of Chicago suggested that the fdllowing 
points be covered m the ba^is for review^^ 

1 Reputaiion of man ufacturcr/iupp tier - This cfit^rion is the 
most subjective, but in temns of our requirements, Is the m^t 
impciTtarit/The hardware- must be ^ widely avMlable. and 
supported over the life of the systern, which Jigg^ts the 
irnportancc of dealing with m est abUshed vendor. Th^ prodvet 
must be currently demonsirabje and of proven reliahiiity. 

2 Miiintrnance - Mainien^nce support must te available 
locally and should be of provch reliability. 

;i Uommunici^tioni hardware irchitecturq, - The rjiajor t^k of 
the mimeomputer lyBtem is thai of driving apprQxijnately fQrty^ 
ri^ht lines with various imnsmisipn charact^tristi^. ITie 
cornmunications hardware must be capable^ of tiandling a 
v.inety' of device typsand ebnimunieations characteristic and 
iif procWing (he anticipated load, and have lufflcient rserve 
p<jwei iff espansioii. CarefxiL^itention must hfi piid to whether 
ihtr cfXrnunicaUons hardware controls trAnsfnission on a 
hafi^er^by^haracter basis (prograinmed Ijb) or on a 
Lg& basis (direct mernory access). | 
4 ClorfifpunicatiDni software suppori - In conjurption wiih^the 
hmunications hardware, ari esirernely d^ir^ble feature is 
tjX- availability of communications so(tM^are= 
.Uipheral drvicrs - Becaus*: the front end compuier sysiem 
(rnvidcs backup when the main computer is down, a heavy 
Lirden is placed on the peripheral devices, mmx notably on the 
disk drives which hold several proctesing fil^- The mechanical 
cfimponents of the sysiem have the least reliabihty. Therefore, 
thr disk and tape driv^ pfopcBed must be devices previously 
nisiallrd and of high reliability i 
u CVV arrhitecture - The state of die art in procc^r design has 
rpai^hed ;i punt thai many fa^i, reliable minicomputers are on 
ihr market I herefnre, CPU to CVV companions should be 
!!uiiimi/-ed as much as pci^sible 

1 he poiius are often weighted as to relative impor- 
...luc (Sec \ X weighting sehc^uk in Appendix B.) 

SSitliin ea<h t ategoiy further evaluation is neccs^ 
H^iiN N'anouM j^ihemes have been desrrilml in the 
htrrature Main of these sehemes are haKed on lists of 
pcTtineot faeiors weighted acmrdinH to their relative 
nnpurtaruc to the applicalian. FormulaH are applied to 
(cifupart' tht' resiiltH of eath proposal's weighted stureH. 
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SELECTION CMmniJi 

At an Arncrican Institute of Industrial Sngineem 
(AIIE) conference on minicomputers, John Hughes 
suggested use of a vendor decision matrix,29 The 
criteria he suggested were! ^ 

1. Proc^sor Architecture 
Word length 

Memory path width ^ ^ 
Interleaving abjlitY 
Number of channejs 
I/O channel data rate 
CPU cycle time 

Memory cycle time * 

Number of registers ^ 

Instruction set 

Main memory capacity 

Main memory .ty pe 

2. Software 
Operating syNtems . 

^ Data base/file management s)^tem.s 
High level compiler 
De^gingaicjs 

Appli^iion packages , 
U ti h ty prbgrami ' ^ 
Commu meat ions handler 
M u i t i prpgraiTirni 
Editin| 
Overlays 

3, Maintenance 
Equipment Reliability; M and M ri R 
Onsite FE [field engineer) 
Expense 
Spare parts 
Diagnostics 
Organization 
Preventative maintenance^ 
Contracts available 

4= Marketing Support 

S y s tc n 1 d or u tj^ e n t a t i ( ) f 1 

Programming manuals 

C 'ustom programm i ng 

SE support [.system erigirirc i j 

Training ' 
5. C'ompany Viability 

I ime in business 

Profit picture 

Research and developnicnt 
Installed base 



" tillivier/'ri-i-hnitiiif fnf Srlrrun^ SfTull ( ut! pp 'l4 tFi 

Willijt,, fbrdrru Jr , Hm' to iiuv iy t \i- \imu<mpuifr M,, 
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User groups J 
Future plans 
6. Costs 

Purchase price = - 
Discount structure ' 
Lease basis 

Once the criteria arc established, the weights shotild 
be determined. Of the factors listed, some may be of no 
importatice to the application; give theni weighty of 
zero, Thme factors most important to the application 
should be given the top weight. The most cgmnion 
scale used is zero to tmn. The waighting decisions can 
be aided by reviewing jhe hardware and ^ftware 
impacts discerned through use of the D^ign Model 
(Chapter Four). Auerbach reviewed the eJements of 
hardware arid descried how each affects a system, 
For exanriple, if there is frequent "data e^cchange 
between the CPU and the externa! environmaiit (i.e., 
the f^riphcrai devices), the interrupt efficieiicy is 
important and the machine chosen must proc^ 
interrupts quickly and offer multilevel prioriti^, 

Oilivier did more than subjectively assign weights at 
rev/ew titne.^i He broke down each factor in terms of 
possible rapons^ and the ^valua each should be 
assigrcd. This value is then multiplied by the weight. 
Tabic 33 shows an example^ Although this appeal^ to 
be a more scientific approach, a daution must be 
noted. Manufacturers use their own technique to 
achieve the same purpose, and the factors are difficult 
to quantify precisely. For example, how would Bur- , 

lABLE 33— Weighting Scheme for Hai^vare Evalu- 
ation 



Weighi 



Word size 

C.yt-ie tifiic 
Ihslruciion 



1 mci , tipta 



Hhy-3u Al sue 



10 



4: lb bits Of more; 2: 12 * 

bits: 0; 8 bits or 
4: 1 ^is; 3^1; 1^2 Ms; 0; 2 ^ 
4,3; Exteniive; 2: Adequate; 

1 ^ Primitive 
4—0; SvoTc one ' /or each of 

I he fol lowing; indirect, 

rela tivCi indexed^ dirrci i 

\o grfater thaji 4096, or 

by addressing 
4: 3 or more prioraty, no 

identification necessary, 
j ; fldeqijale for 3 

devict^; 0: none quoted 
Sublraci one point for 

earh 5 inch^ over 1 1 inchrs 



' N<!%fnitsrr MJ?*) (1^35 Angeles Mandi|pmrnt (uhJi^afiun {-t^^pcirA iion, \ 97b] 
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mugh's variablc^word-size devices be compared with'^ 
machine that use 8-bit, 16^bh,24^bit,or§4^bit v/ords? 
Barden suggots that the b^t way to overcome this 
probleni in ihm area of speedJ is by preparing and 
mnning bcnchinark programs for the various ty^s of 
minicomputers,^^ The spts of beJidinmrks can, vary 
according to tJie application^ He illustrated bench- 
mark progranu run by the industi^: I transfers 10() 
byt^ of data from ohc block of memory to another; II 
converts a 6-digit A^SCII octal value to a binary value 
uf IS^bits; and III searches an BOMtem string bf 
character for a given character. Table 34 iilultraies 
the use of these benchniarks, - J 

Tasle 34— IiMtruclion Speed Benchjnarks 



Bcnchimrii* 



III 



Average 



8008-1 jip ehip 

8080 iip chip f 
.MC6S0O /ip chip 

F8 /ip chip 

MCS6502 /ip chip 

PDP=fl/E 

Nova 8O0 

CAI LSI-3/05 
(co^e) 
' IntertbtJi 6/16 



69,215 
7354 
3.918 

2.604 
1.158 
688 
4.0O6 , 

290.5 



iJ67.5 
1,018 
291 

W 

I as. 8 

58.8 



bM2^ - 
i.54G 
S07 

44C) 

668.n 
252-6 

390.5 



25J62 
4 J 39 
1,67^ 

1 .162 
65 1 
3J4 

r.BtiS 

255 



A siniilar approach would W ij use an exisiing 
industrywide comparison. A cUHsu Jiudy was done by 
Butler in 1970^^^ |he data are obColete now, bui the 
approach is stiil viable. He used^ta for 45 rnodeU ai^ a 
bajis for a price -to^perforrryj^e ratio by usmg T^rct- 
equatidns^for calculatingpm^ hanlware pricc^ pcrfor- 
niance; the softwafT price/perfontianct:^ iuid 'the 
overall price/ perfarmance. He shovstMl TatingH for the 
45 mpdels based on oxerail pnce/p<:Tfurniancc values 
Some evaluation techniques stop when the sveighr= 
ing or weighting times value has bren ajntplrtt;d. I hm 
number can.be said to prnvidc a nicasurr ()f compari- 
son among various inanufacturi'n^.^^-' Iht^ vendoi with 
the most accumulated points is tho^vn for final 

me fat Ion may b*- 



evaluation. Ol ii vie r suggests thai so 

l!^ ht,F iSti MU 



M?NlCOMP^rE^i IN FEDEMO. UBRAMES 

so critical to the systepi tfiat their absence (a ztto value 
or score) will eliminate the vendor from cpwideration 
no> matter how^igh the system's total ^oce v^as.^^ For 
example, if' delivery is required in 45 day^ and the 
proptwl oifered 90-day delivery, the proposal would 
be worthies for this application. 

Olli;4er do^ not stop with the comp^it^ score: He 
advocates plotting cost against performarice, using 
mi^mum performance score and a niaximutn allow- 
al^ cost figure as bas^ of comparison (Ffig, 19).^^ In 
tfifesfigure it is obvious that system E is the bt^st^ value, 
/witn system A in second place, 

Turnkay Systams 

If a packaged or turnkey system is inciudftdas one of 
the pro^sais (or if all of the prop^l^ arc br 
packaged systems), how is it evaluated? Delanoy, 
wnting on the use of library minicompuiter turnkey 
systems, advised the following,^^ 

In r^3iiiidering a miniajniputer . . the mmi impoftmi chsracter- 
isiis are that the macKing is part of an ^tabli^hca and gTOwifig 
prc^uet line; the machine m jsnfigured'is sdmBl^e and adeqiiate 
for your appUcaiian; the manufactUref^iuppU^^ Mjiptwarg meefi 
your ne<^; and the Rianufaeturer's inatallatiOfi and maintenance 
commititients are dearly specified. 

Weisbrpd also wrote of library packaged (^peiTis* He 
said four major questions must be answered^ 

1 Do the functions ineluded satisfy the needs of iht? prospective 

2. Can the ^tem be confi|ured to handle the ^raapectivf user's 

pRjc^^ing load? .-^ 
:V What equipment is required, either for pure h £»r for rentaJ? 
4. What is the system's ccst? 

He poinied out that these arc the same questions that 
must ^be answered for a system developed in^ house. 
Therefore, in evaluating a packaged one uses 

ihc^ same procedures as for any other prDposal but 
with more emphasis on jhe software. 

^'Software, not%)mrdwarc, is the pivotal element in 
system selection. tliat is because the real fK>wer arid 
effectiveness of any system rests w its sofrw^re. For a 
system purchased for in^house applications program- 



w J L HuJlcf/X ^impar-aiiv. I mpm^ !up hu v'n--'^. m ^ f f-^-i^^^ - ; 4m.^,„^rtts vifwetl m ihf cnntrM oi dcMncd ration.^ v^Uh na other 
■»» t)tlivief."TfthmqiiP fw Sfleftint^ Sm,, il ^ -cniifH) r fn* p 

"^^^'^^'P''^ III. „ , , n .i/M. //. rds Susan 

A^^^sn^ts^i V.g^, Nev.ul^, iJ njun. r»7 ;hu .^r. ^^'^ » '^^'^''^ ,,,, ^„ u su^„ K Maftm Br.ft Ikitler, paper. 
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HIGHEST 
SID PRICE 



mlng 
impoi 

packa 
applic 



ALLOWABLE 
COST 



LOWEST 
BID PRICE 



pcpftiririanre tjvaruation pid 



the systenis siipfxirt si>!iwan' xt^ of t riur, 



tance. It affects (hr tjr 



vcJiifiinriiC I JifH' aiiii \\\v 



iC-V with vvhicli thr pro^rrimmf^r ( an work For a 
cd system, the enipJui^ih rnu^t l>r nn [hr 
htjonspm^rams provick d 
Stidei stales that two pn>blcni>» aj^ ^h.u<ii tjs .^il 
soft wart' packages in (^htUvuiUi 

First. It is' hi|hiv pf<>ha.blr rhai a ^ivr,. ^.k^ kLf^i t j,.t. i n. 

100 pefc^hf (>f the rHpiirrnirnu, .jI ^\yt^\\ huHni*^ Ahri 
discovering thr (trfit if nc i€3, thr . rUhrt «,,n ,,>,iri » ihrni 

hhhi* in ;\ ronsultiinf )t.r livr vviih thrm Thr rMrnt ..hi* h 
a user ran afford in t csriipnimh^ is n furuth-r. .if Uir n Mi-*ars.^ >if 
the djscrep.ificie3. 



thr usrr, pfrhap hy < h Jiife|irii» paliifiirtrr lahli-s fi.,.jrffaii h a 
given Pfivirnnint^ni. vvtijmiit t'niJS!hi» ,i inajor vi\isr\ in thr sis\n^ 
nr^ailiZiitlon Unftjrtuniirpl v. m<isi parkaMf*; hnvr linninj flrAibih 
fy, Scinir hiive nrJiie 



Ihtd , p[j 'Hi 



flic second prablem with the precDoked sofrware app roach is its 
lark of ijperating effiLi^ney, measured in terms of u^ge o/ system 
resource (disks, core rneniory) and running time. Ocnerajit^* is 
iilways achieved at the espense of efficiency Running time 
upiimuaiian isn't important in many small busing applications 
whfie input is entered so sluv^ly and $o infrequently that vinuaily 
ai!> iea.«nable {^jXJnse tiinC will be acceptable. But the problem 
IS if rt-giJurL^ ssre used ^ineffii iently, the user may be forced into 
Ui quiring a lai itf tonfigLiratinn ihai! he reaJly nred^ jujiA ^ he 
tan usr a Lertain package. 

Sonu^ vendors offer thesnvitc of prcpanng^c ustorn 
ii'Kiiilch or niMOtnizmti exiMmg prograrm. Others do 
luM whit it fii^Nins thr library riiust fry to make the 
ihuiigrs with uvvti and/oi agency peminnd, cur 

!li<-v \u\yv to hire corimltanis^ It is inadvisabJe to 

i 1 1 11 f J t UiUM: I f la nges . I X ■ pv n d i n g on 1 1 cnv t jfr p t c 
t4iafnh ait^ clrsi^fied, smiw charii^rN can L>e takt^n earr of 
Hiihuui riiuth triUible Bid some rhanges wnuki 
l<opaiTli/r the himc \<\\riv Mmifn and continuity of tlir 
prcfurani Lhesc kindj, of t Haiii^rH Hhould be avoided 
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all costi because the ntka^i-T of changes in a program is 
inversely prDportionai to the success (efficiency and 
effectiven^) of the progfam. , 

BEVIiW OF OTHER 
RESOURCES/RiQUrREMENTS , 

Besides the obvious hardware and software require- 
ments for a system,, other lypes of requirements or 
resources must be considered. The deiails f>f iKtse 
elements may affect the final seiections. 



Physieal Requirements 

Space 

The site for the various pieeeh of equipment must be 
considered. Minis do not have to have a special room 
with raised floofs and spt^cial air condiiionin^ and 
humidity control. Because they are small, they tan 
usually be fitted into the existing em iroruiieiit withtnit 
much trouble. If rearrangement of furniture or rE^nuid- 
eling is necessary for the new equipment or for a ii< v> 
work flow, it should be established early and pUins 
made to make the, ^hanges. In this same veni, if the 
equipment is to be piaced in more than one loeatiori. 
provision must be made f(^ laying cablt-s or linvs to 
connect the ^components (if a hardvvire coniK t Uiui is 
used). Holes in ceiling or walls or t hannels for the 
floor may be required. 

Although minicoml^mer rquifJiotiu lan n|jti,i!€ 
under standard air^condnionmi?, y^mw dvMit s o? r 
ate more heat than others, and adjusmients mav havn 
to be made, ^specifically, {lisk ( rt att quite .i bit 

of heat; If they are us(^d in multiph' arrnnqementsr the 
heat incfease may fee signifieani 

Power 

Most mmis operatr i?u frm.jla? liD^^.ii U.iiit.:*! 
power. It is riften reeonunrndetl luiuc w i dun r.u h 
device or each system ptiwt r supplv Ik -jo a m pai.io 
line, often with a separntr ( in uit hrrak< r t.* Ir^v,? iwhf^ 
chance of surges, 'riiat doesn't rii< ari <mh lui^^^ [km 
comp)oncnt, as many devurs fw; <,.i!iit. (Cd op a 
single power supply unii, but twuoi ihrc t liMcsair im i! 
uncommon. Special cle<trual revvning nuis ha\r Ui\y<- 
complGted l>eJore thesvsteni l au be installed l-laiix Un 

(Fdiinr'i ruMfj in " rhf lhir|Ui;ri!i iVf^.i, s i *uuh . i Si^^f^n.g hM.,, 

Univeninyfif lllinnis. f ifaduaif S< htsH r.f l.iliMn Sirmr I'^U.. jj}' 1 
niifiifunipuicf mmpcirifjm and prriphfr,ilH t mh hm- pruiU f. m i.^^HX' h 
hourerhavf val.ifs m hiindrrtlN i»f hnius, nW nl ihr uthri itr-rnH h.iv*- s.iti.f-- 



MINICOMPUTERS IN FEDERAL LIBRARIES 

this work should be made ai soon m the exact l(x;ations 
and equipment requircrTients are determined. 

Nois€ 

While noise is not a "physical requirement," jt is 
certajnly a fact of life and must be considered, not only 
in the public service area but also in the staff work 
areas. The mainframe is no\ very noisy. The most 
disruptive noise comes from the fans used for cooling 
the pr<x:essing unit. In addition, some disk drives 
whine and some tape drives click as the file is read, 
1 his noise should be within the tolerance levels for an 
office environment. The main noise comes from 
pt'riphe;rals such as card punches, printers, and even 
hardcopy interactive terminals. Some libraries have 
taken special steps to deal with the problem of noise, as 
detailed by the editors of Onltne in their discussion^of 
mtt*ractive terminals.^' 

Some iibraris go to great lengths to avoid noise. The C:<ingr^siQ= 
na! Research Service of the Library of C:ongr^, for example, buih 
a special sound= insulated booth for its CRT and high speed 
impact printer. The U S. Departriicnt of Stale's libraiy simply put 
!t^ t^ntr^s printer in a elcset and got a long cord 4ogoto the 
C:R T /Vnd the Army Library in the Pentagon put a plastic noise= 
Nijpprrssing cover over its impact printer 

Maintenance 

AJthough maintenance was mentioned ni tlie discus- 
mm of hardware and software evaluation, additional 
aHiunents are in order. In general, minicomputers are 
VC.MV reliftble pieces of equipment.'- Mean time jo 
failure for minis is measured in months instead of 
\\u\m^ Preventive m|flntenance is^reduccd to the-ljare^t^ 
of minimums for il^mainframe. I^he peripherals do 
nui have quite so f^jcx^ecnrd. For instance, printers, 
rspceially impact orir^JL()ftcn require adjustments to 
liiisvirir proper print ^^Pri en t/ Tape drives should be 
(ieanrd periodically, but that is often done with a 
Imhi Ir <jf aleohol and a cotton sv^ab, \ 
I'he faet thai maintenance is not as frequent for 
iniriij. does run lessen itn import ance/rhe history of the^ 
niifii market has been imti of insufficient support after 
uihtallanun. One wH m\d that minis weren't deliverc\d 
they were al)atidoncd. Maiutenance is parti^^ilarly 
inniplitated when tomponents from Heveral micnufac- 
[uitMs have Ijeen assemblecl and programmerl by a 

i,H Oiiiit.r InUT.ufur I sr. hy Mark S Kmlwut, Ori/ifi^ 1 g.uuial-% l'i77i If.. 
I M.u,ar inpni Sysivm:' in ^ppiluimn^ ^ Mmiompui^ntu L^h,m m,i Hflattd hnhlflm. 
^.jml.anom n( l)..r.. pHHrS^lMy. jH \]Hi\ U". I Mi,V 1074 (I'flMfM ^:h.imp.il^.,. in 

,,,t^. *.ua [UMu hf>, rM) \nmrs\ ami impart krvlKMrH |)rimf-iirrmi.i.iU( H)0 i" 
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systenis hoiiHc. la sm h tmt% niainU'ruuRt' often is 
coniracied out to anuthtr firm, whi^i fuiKiioris as a 
maintenance company, ll is iinportunt to knt)w where 
the niaintenance unit. Is locaicd and v^hat the turn- 
around time is on the ^qmpivwni. Hvi dim- nun is arr 
mociular, often a board <:an Im- piilk-tl aiui a new ont-- 
substituted while repairs are NiriLf jLJiad.t . 

One Cither area, of jmanii^naru mus\ \h' t (insuliT ed 
- software maintmarK e Pru^ranis are \iiiv\\ vwi 
''finished'' and eompletrh ''drbu^i?rfr ' Arrain?eriieinis 
should be made for dir s{m\%i\rv to he riuuniaiiiod ,i> 
> necessur)^ over the entire p^ricjci of usv 

Personnal 

Staffing patterns ehani^e svhefiwiii auiiHiidtrd .vMnu 
is intRKlueed SntrieCinu^s a spv^ lal iitiplriiit iiuuiun 
teani is required if e^ieuHisr iniri.il (Lii.i inpin is 
requirrd far bu i Id a file nr iiU-s *' , 

Berause the nnrnt nnipufer is liH.iUil m \]\f I!Ihiii% 
a hbrarv^ staff nujcnfK i im iiu;^i,i!h is inusi Ik a.s.^!L(iicil 

iTiptiT operarnrs ran b<^ (raiJWl m do ih<' oj>rr.i(or% 
imks aloii^ vvuh then othei dij*tirs 1 hr d ut les i jf fh<^ 
operator vdis ihe s^^ie fn i .uifii^nia 11**1 1 iht- 

operaiint* nu>de nf ihe opernuni^ Kvsteni sufuvart:. and 
the nature of the apph^ atiun ] ui r^iniplri s^sumr^ 
with simple exeeuti\e njuiinui>. ihc wptMai.J! mu^i 
anend th<' job flow ftillv ^^'lth a =^iriLdr i)nii h )|k i .itinq ^ 
systtMii, i\w Mifiwait dii<'^ di^ |wtf .1 . Miii , )l (!,iid^ ^dl 
rnusi fje hjadt^l lu Ik t,.j|j=j s ihm.i in. n,iii« d .mhI 

paper in the prnncr iiuj-^t i>r.difiivi hi.tnv w^Oii. dif 
e<|Ui()rTirnr fTnisi tjr ptn^cird vjp ihr pi n^i .rti 1 n lu [>< 
luaded, antl the systeti^ muim ^bui ili>%\ 1 1 t tn. h tlav. 
Fdesof tap^e?^, di.sks. or L.tuK nuist he sh.n vl .ind a h it^ 
Mujst be iiiuiij till lied Iw Kt ^ p 1 1 a* K ■ »' dst f i i M.t i ^. m n 

f eH|MM"lSlf)lf^ fi M" idlf^^c lixsk;^ « 1 lU-J h< ii.iiili J 1 |p M 'M L^'li I \ 
h)V \\\v ss SU-III % riulni \ h' i f -dh J I ! ..f . . .n .j.i .- 1m ir.is ? 
niariii.ils f( H ifn^ nauiiiu,* tiul I..* i.hic!,. • 

*d 1 1 i I n L4 I » 1 1 L/ n 1 1 1 14 i , ( * M i 1 1, i J I r s ^ V , 1 i , . h » 1 . 1 1 1 . » 1 1 . h i 

Sflc Mi Id J bi> [h pi I . \ h 1. ,1 

TifTie Franie 

Oi It . t I J I J 4^ I It 

tK'c ii p' Afi t - ^1 nna. I h j, . > *f u . 1, , 1 

I ilk^ ti svstt I n 1 1 aKx ^ Ir.i Ilk* i ! f , ; , I i i , . ! ! 1. i 

p.itcil tlfrnn.i .irudfh, lit, .1 ^\ , (ij.u 1, I ^ ( 

de \ f d n p a s \ ^ 1 f , 1 1 )■ n r r \ ^ 1 1 1 j > S < -J \ ■ 1 1 1 h ) 1 i . . I j 1 1 ,1 

I in nkev s\ sti III ( fi,! 11 I. . li -^1 » iin \ n ,[1 

de\ fduplfei^ a I!* vv ^N-^hiji it I-'. .j!4!i ks f I' ■ . i Mil , ,1, I lh< 

N^'»r k ii i .1 ! « in ijfif M la I ^ . » , t fi.*/ 1 h . u - ■ 1 1 1 n i i-'m. 1 1 



for IK) other re.usori than that a firm delivery date can 
hK' net^ofiaied a*s part of the contract. .\s mentioned 
rariie-r, the extensiveness of ttie system software and 
tlie presence or absence of a compiler can affect the 
fin »^r4inunmg time, 

I he real ke) to fa-st^ efficient development is using 
an e.x[)erivneed npiiKtHnputer progranimcr. Such a 
piroyrarvirner will have a ''miniet)rnputer philosophy'' 
arid will i\u[ \ty to iinp lenient large-scale computer 
ssstrfiis on I be smaller rnachme. I Tic programmer 
niust slied his ^djatch" c loak and think ''interactive 
uMlnic. ' f<)r that is the. mode to whiLh mini computers 
are (unducive^ If there is no such programmer on the 
a^ent y data processing ?itaff, it may be worth the tirne 
to tram a programrner in niinitornputers?^ 

THE DECISION 

^%Tien all the data have been gat he red, reviewed, 
ajid evalnated, tlie tinie for decisionmaking has 
«ui!\ctL When iht; .seleLtion is inadc% the prLKjurernent" 
I ji t rt lure n rust I u tide rvv ay . a Fcdc ral agency ^ 
the hl>rary must < omplv with Federal prncuremcnt 
I e i( 1 f I a 1 1 o n s a n d p r ( K e d t a res f ( > r A I ) P eq u i p r n n t , 

Federal ADP Procuremam 

I ht longstaridirig pcjiit y of the Federar Ck>vern- 
ijient, ii^s r-x pressed ni ( )MB ( a rcu la r A 7b, is reliance 
tui ifir [uivaie set iiji fui L^MKhlsaiKl ^e^iviics. Pus policy 
as It felalcs to ADP pr ck ui erneiH is cxprrssed in tlie 
fi/ooks Ai l (i'uljljt Pavs H)h}, f-rocu/ crneni of 
^AD!- Kesoiiri i^s \y\ the Kt^dt:ral ( a)\fTnmcnt," which 
5 nlphasi/r.s dial ADP leCjuuetni. iiis shoukj In: ].)ro^ 
i ijif;d jti a c ufn[)eti[!sr tnarnier 

1 \i\Vi aur\]i Its iias €■ spe^afic i=espo!i?iilji lui^-s relating 
i>- \ I )P pr ! H 11 1 ei nc III , 1 lie ( )ffu. t (if Mat iajgeiucnt and 
lU.d^t I (( )Mf4j IS H'hfit .tn,-»ible \i!t i Mabllsfiiiii/ ptdicy 
.\5ifl tMMi.jr!JiL: that I hi [Kiln Us tjit/ tK'irit^ followe^d. 

( i^lh I hi* i ai^t lu Ic ., 1(1% as|iiiij.h ^is pci^sible on 

"JiUiuulal Aid* ^iixl^is uod tn?»uH*S thai ADP 
r(^iiipiiier![ (\\hri! authoii/tdi a.al stM^itcs iiic pro 
ioiiil ill au.lfii it .it and Hide I U luaCinef AppiovaDjf 
u.i .1 ^ ^i^aiidid ifi I It, 11, Si \1)H |a( ilmrs innst \_h: 
''fa.i..u,j ijj aiiijftkiiUi \\ith the ''ntsv start' lecpJi^e- 
nu i! [ i i\ ^ 11 1,11 \ /() [k f( u r Mibinlssluii la ( )MH of 
'li* -itj. ii \ tnjilL-j, \ i ^^{H M UK liules tlif^ net es.sary 

ImI.I^. ^ 
I b < ' ■ , i , . . , I 1 1 . , >. \ . 1 1 1 1 1 1 1 1 1 ! a I h 'I I ( ( I N \ J a t i 1 1 1 1 1 1 

! tf i''- \ld' [JOKoinncnt It |.)rcivides nlana^enlenl 

t; u h 1 1 1 1 . t « ,1 1 1. 1 1-^ t h« .1 0 d ii>i 1 1 \ for a|)f .10 a 111 14 uoiu ' >i n 
p« M [ i , r I )M K i , J I 1 Mr i lis ami dc let^at 1 1114 pi Ch lu c/mein 
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authority to user agencies, CiSA does not, however, 
become involved in determining whcthtT an iigen.ry 
requirement is legitirriate. GSA publisheK lists with 
prices of equipment and types of senices on its supply 
schedules. In general, any procurement, eitlirr on t>r 
off schedule* with a one-time or an aniuiaL cost of 
850,000 or more, must be authori/ed by ( »SA. 

The National Bureau of Standards^ is the third 
agency involved in ADP pnn urenient. It pruvides 
rtcceHsa ry h ard wa re a n d si > f t w a r e s t a ri d a r ds . 

Although some in uu computers appcaf i>n dSA 
schedules as office equipment, nniiKoniputers are 
gt^neraliy considered ADP equipinerh^, In NiAcniher 
191%, the Cpmmissioner of the Automated Data and 
7Vkconmiunic'aii<jn?^ Ser\'ue nf the ( feneral Srr\'rceh 
Administration distussed trends in mnua>uipiari 
prcscuremeni, Junt a?? lar^e siale tntnputfws and peri^ 
pherals were jHirthasc'd under ct^ntrali/tHl and volunie 
prc^urements. "volume prut \ireiiienis fjf rninuonipif^ 
iers mmi and will cHtur/rhe (jut^stjoti UilK- nr^iihrd ih 
what is the best inciliod to um' fui tht^se acqu isitiun^ ^ 

[si order to detciminr {he tei inrihtKl ffu pj*Kurnii| a ymn\iu \ nr 
scr%Mte, wr in ADlS have UiW aw.irr .if ihv nu\ikr\yUiiV At\d the 
mdmlry We've gont fruin [tie inaiulauHv 1^41111 riiienU 

oiritracts for the entifr qtrvrrninrnf whrn huviiiM pt-npUerAh, \u 
imkfinitc quantny t ifnfr,ut> v^nh s^iiynw.ns usa^^ wKt^h huvinj^ 
mmicornpuien. Wehavf iH?t < reaUd nr^ trt hnujurs, laji havr 
br^fi Sflettive in the tct hniqiifri we'vr ijsrd nte L(iivc;riiiiuiit has 
be^n %hr svHtPiiiii iiiirgra!ijr ^ 01 uuiii?.[f> \uis pi , >\ uirtl i hr ^vsiriii*^ 
integration, drprndinj? on ihr riu iriuurif fit 

[ dtm^t WiirU Iti leave vm! v^ilh WKii ililnkiMU . . l.iihi-i i' 

mmplctr In ciur fuiurr Viil uinr prtK in rmrni? fni nii.iU nrT\pulri?i, 
we" will sprtifv tJ>r luaximujii .niu.uni dusi ^ an MTilrfp<i uiulfi 
jf-ach indcfiiute quaruity cunirai.i. Thai iiu.iiljci ^^lii iiui exceed H 
EM iO limes the ^uAr.in?e«-d iniiiinuirti >Md( i 1 In^ v^ill alluv^ an 
aj^e^ncy the riexibilirv it urt^U U) iiuri n?. turd?, ifii-ui/h \hf 
prcH'uremefU, vei In re •LSi'iUiblr fill ntdnstrs " 

A sr.u Liirr t h^^^ rrnpfiasis fiM .ill M 

had ^tulit d Iii afad * i li lis^^in 14 uu di 



urt'Ttu fit 
(KIh iff pliH ui 1 Hk; 



] t ! i ) f i n U . i< I i i I 

bffu lais vvfMr ^pt^iKinM » j| rijh iML, i.i . ( pi 1 wu< m h -i 
foi produ( is and ^«'0 n . - 1 fn- -inti ^ a,. Ln i^t Is a u ^di 
i?f die ( r?^u Hud lic^aMi.tJS and m[j<hi iMi du 

admioiMtaiKHi of (lit JihM>k> \. 1 dt.,inM n M' ^ 
liife.Mt foiuui thai thc^ Uur inU id *.! fin Hi mK \i i 

vva^ ntii iKMny t al nrd . nii attd r( . ^ aiii lu lid Mi^ ... 1 f 
made bnnq tfir uu,[ >< . 4 la drr ,d u 1 ^ lUc 1 ii Ihu k 

(hrf*<h.ir O Mn. k..t..!. i..'. . i - f!l...f 

M^Mii K IMS-..U ^H.^r^.tiT.i^. ..1 Im. .llM.hn,M.,l j.u 

M.ifi.i^rnif in 1- ihi! M ii'tn I . i' -f ' m .n 1 ' 

VViili.i.n 1 P K>,^ ii | !> ' 1 " . . • 

l.Mlnn.f yuln^inal r r.^|i.r=r,, ! *' i . h. M , a, .1,,; ' I ^N- 



MINICOMPUTERS IN FEDEKAL LIBRARIES^ 

into liri^, of the private sector and of fuUy 

CO Hi (X' lit) ve p rc^e u re me n t . 

In a paper ddivered to the AllE in Novcml>er 1976 
an OM R sf)r)ktw\an expressed the policy on use of the ^ 
private sector follows 

In Lhr mt ui ADP, we feel that the policy is b^t served when 
asenci^ t^iifi m\^h their requirements by cotitractiing lot com- 
pkxv. i^VJOP W^rvit^, and that Governmeni acquiNiuon And 
(jpt^raiu^n af facUiil^ should be limited to those situations which 
t-ari be ju^tiM h& being in the national interest under the 
^tiidelir^^s £>t ( lifYular 7B, 



In orte ev^lijate the feasibility and rektive economy of 
iun I ratting fwr AW sci^ic^, Oovernrncnt needs nrusE be p regent = 
cd m .3 format Huitable for evaiuation and for use in a C£>ntract 
siatriusni uf ^vurk This requires a fundamental change in the 
phiici^phy of r^quirernent definition, since the indiou^ perfor^ 
niante u\ AW H^rviL^ has led ageni-is ib define their in 
teriiis Kii ih^ hardv-ure, stiftware, and per^nnej neee.^ry to do the 
[ub RpciUir^tncn^^ forrnulated on this byis cannot be propedy 
ev^iuM^ ty d^Ame if the unique nat dft of the work necssi^ 
laip^ uv- hw^ ' fjirfoiinarice, nor can ihey be used tD elicit 
compeUtJVft prap^Js froru industry. THc first step, thsfeFcire, m 
at hieviUM gre^i^t r??Uance on private sources for ADP ser^icei is 
Inr Cksvrfnm^nt .s^enti^ to develop and state iheif reqtAirements 
iri terrm o1 ^he ^mc^ perlonned, rather than thedacilitaa.fieeded 
in pravide t:h(>s<f h¥=rviccs 

Oiwc- Ihe ^xp^vi^t wtjck tjeing ^.^rformed, or propo^ to be 
(serfomed. i>/i^^\idveruriient ' Al)P facility is identified at^ 
lit^rnb^i ^ aSmce, it tan lie esantined^to determuir whether 
I here is ^ v^itnpcllin^ reasi>n thai u be done m a Federal faaUty by 
Krdfipii ^mpUiy^ rhe fari that work may involve clajisifi?:d data, 
tjr p'Xn i>t the agencys basic prugrarn, ur require privacy 
Mfrt^Xi/srds ^vill rup£ neciss^inlv ju^^tify C^overrpeni pertorrname ^ 
Hpdu^stnal giitiiitif^ have been i leared for classified work for many 
vrar* aud ammr^n lal data centrf^ can meet prKary requirernehts 
wt^as (k^v^mnieni facilnies 'I^herr rriiist be a document 
|u<sufK4Uuii ui aLMirdance with vine of the exempiion < ruena of 
( MftLjiai A /ei v., luJiUfv niniaiioh or rciiunuiaunnof C k?vrrtiincni 
Ai -\ \ ^.[\ ir^ pfi-ss idini'^ ADP :^er\ ic?-^ 



p,.,.ai ^ d'«-^ sun frfh^L . .haiiMr In ^K»lh V i.4thri n i^ An 

ts.vs 11! »5 Jv^ ^*)j|./.njpi lair imtlr! yuiJ'i mtidnnn^^ 

\i r.aiiM MMilcit iiccj ihc iw. fid ttmsud iiiUd.ituii- 

,ihui uMr t^f iiuiiu <nnpu^^ t^. was ussed by the 

Uinai-a nf ilie i)(fhr c,f ADP and reUa onirnutiit a- 
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lions Man^gemecu lol the Department of iht Imm^ 

Them mm Vmk dispute th^ days thai the future techMtsgy 
will be |p«mJy linfiuigMr^ by the inieraction betvve?^M camm^^ifHitea^- 
tipiB afttJ minjj^^iun^lsori, rsuhing in an aetdwti^ tyftpd 
tmywd miarifda?^ wiAiaomputen forming diitribw't^ pwe^ing 
networks If we Nliiav^ the communicatoii and nMmmiMmiV 
em, thiu approach m]} mx only bring data procesiifi^ t:\cmn en ^htt 
user, but k.^ tC'&mifdtmblf ]<im money. 

■A ift * ■ ■ 

L^t*9 Imtk m ijie CWernment ADP environm^tM kc>m iht 
perspective of the pm. rather than the futur*^ My 

a. There h mm^ pm\<d\i\nt tor in^house ptocmBih^ mpMl\iy^ 

b. RFP$ ^re gm^t^ mmt to hardware spec ifioi I icons' ih^n 

c. There a very ^ircRng reliance on e^tly bcn^hmurb. Thr 
combiamion t)i hikrdwai^e specifjeations and bench murb ^i^m 
U3 a wAfm Mik\^ thjki we are acq uiririg the best mni\gujmm) 

d. We ih'mk k\p)pm m ienm of hardware. Mt^t of us have griswji 
up in ti^^S ^yridrorn;^ tire^ted by the rtiaxivendoi^ ^nd fev«^ fcMllo^ 
the Ajwfs^riiCiaii trgdJuort of wanting the biggest and the tel. Wic 
TOy by; Md<^iftg ^J^mJves, however, to think thai bi^im Mtid 
bst ar^; lyisn[>tiysrriOu/i ftxlay technology 

^ ^ « ff c 

[Therefore, ii^hhQg^h| t^tlmology is offering potentiaJ kUm H^-^^m$^ 
through (tlt<^ft^nfW£i^ miniarufization . oxit HFPs Km 
benchm^h dcpenden The markrt place ha^ espMnde,^ but i.m 
traditioiial mrthc^s of jprtx-urement do not let iN^ bxQHd^iWi 
marketplacte mpcmdt - ii do^ noi respond to otjir Er,idi<i<.irfiy.il 
benchin^/'k rt^uir^^mnt.! 

*■ The sp^afecrr wcm on to suggt^^t a rntxk^l pnK uje 
ment that would op«>5i up competition • 1 1 invuKrd 
developing am RFP biuilt around users rierd?;. mihrr 
than arotaui a prEfClft^Hermifu-ci tjata pnKrssin^ m hriTif 
for sati.^fyit^g thos^ need^/The total markefpfarf wmild 
be asked to respond by stjbrTiitting a deiailcd pUn^ 
inciuding schedules and f^timattHi pJMtmg hrni^*, ht 
satisfying the u«t neefk A trani rjf rsahiaSiMs s^Muhl 
then review thr pf5j|>(muls and srirct th(^ ini»M ^Msibj^^ 
approaches and tet qualified conitaitui^ (i^n vc i s 
subjective bii^i^), (*ri>m this csahjariifti a I Ira^^i 
contractpn; would Hk^ sefct ted fui fm^J [>icf Inn wii^ &ms 
mp, a bt^nchmark wuukl Ik- LuUMcd n, fh du .pr, rft, 

Indujiirial F.fi^ifir^p-^ ( ^cusf^re- nx'^ hrhl 
*^ ibid 

US . Ckii^^fr^^, |fiMj«-^ i-oiruiMiirr ^ 
1 74h. 44i h ( Wim . hi I ' ) - fi I S-s utslii 1 1 ^! 
*» Ihul .p IV 
^' Ihicl . p |fi 
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marketplace invited to final bid. '*The final, contract 
award then would be based ©ri lowest overall cost and 
benchmark fX!rfonnance.''^^ 

This discu^ion was in terins of numerous minicom- 
puters combining for distributed pr(x:essing. What of 
mfnicomputet^ used singly as a standalone system? 
The report of the hearinp on the Brool® Act specifi- 
cally speaks of minicomputers in several sections. One 
recommendation states that competitive procurement 
of minicomputers (or service contracts) should be used 
if possible instead of interim upgrades, add-ons, or 
, replacements for large-scale systems. Minicdmputers 
were included in the category of smaller dollar value 
procurements (less than $250,000) which rnade up 56 
percent of the 1975 procurement delegatiDns. It was 
felt that these procurements cost GSA and the user 
agencies a disproporfionate amount of time and 
resoiirces as they were required to follow the same ^ 
procedures used for major pt^curements.'*^ The follow= 
ing recomniefldatioH was madcr'^^ 

Federal user agencies should be authorized to procure ADP 
re^urcs, excluding CPUs, below S250,OO0 without specific 
delegation of authority from GSA as lotig as the agencis 
documeni thai the pr^uremenLs arc fylly ttmpetitive. Procure- 
ment of C>PUs should always require a delegation from GSA, 

At present these arc just recorximendations. Procure- 
ment regulations are constantly 'changing and evolv= 
ing. The typical procurement of a minicoriiputer will 
still involve an alphabet soup of forms and regulations: 
tVMR 101-32, Public Law 89-306, OMB Circular 
A lih V and D, IDPA, and M., RFP, IFB, 

RKC^ no n mandatory schedules, mandatory F8S sche= 
dules, mandatory requirements contracts, and so on. 

Ihe system suggested in this book will lead the 
dtj^ii^n train t(i the type of specifications required 
( furutiunal specificat it^ns, technical specifications, or 
d?^(ai!ttl Miodel and rnakc specification^!) It ^should 
provide ihr latkiiialr necdtHi fOr approval rc-qiicHts and 
Ju^tifualUMi^i arid shinjkl U ad lo an cffit irnl, effti live 
^ s ^ I c 1 n 
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CHAPTER SIX 
CONCLUSIONS 



This book did not attempt to investigate the 
potential of the minicomputer in a Federal library. No. 
proof was needed. There was no doubt of the ability of 
m.injcomp liters to solve many problerns and fill many 
needs of Federal and other libraries. The goal was to 
demonstrate to the reader this ability and to give 
guideline for introducing a minicomputer into a 
specific library. 

VVhai acivantagei do minicomputers brin^ tu a 
system? A summary of their aitribut^Ns give.s a gfxjd 
overview. 

L. They allow locai conlrnl. 

2. The mim attitudt in a positive, tncourai^ing ap= 
proach. 

4. 3. The niini can be in a smallir^ Hmplf^r sysierri. 

4. Moduiiir system dgudQpmmt is possible. 

5. Cttsiom configumttofu a re easj \ y acconi pi is hfd . 

6* K mini system is flexible arid adaptable to change. 
1^ Mi nis a re less costly. , 

Besides these attributes, minicnmpuU-rs \vnd thru! 
seives to online interactive (as opposed to baii-hj 
operatiori.s, which provide fuller, morf responsivr 
services to the user Finally, nuniconiputei^ "fit in" 
with any automation environment, thty ran stand 
alone, they can perfT>rm as parts of networks, ihey tan 
support networks, they can be cunnecnd t(j hosts as 
other 'Merminals," or they can svr\-t in several of these 
capacities a! Qnce= 

INITIATING MINICOMPUTER 
PROJECTS IN FEDERAL 
LIBRARIES 

Olcay. The book succeedetl vinrre sulii Nijv^ , \n>ss 
do you initiate a minicomputer pr?>]rt i in vnur hhrai y ' 

THE LIBRARY'S ROLE 

rhie library must take tlie first Hlep A prcjbh^ni ui ^ 
need tnust be icientifiecJ and the wstems analv 

ri7 



sis/system d^ign phase beg\in. The library may turn 
to it5 agency data processing unit for help at that point, 
or the help may come from an outside consultant, The 
system requirements are drawn up. The design model 
is used. The systems 'd^ign document is prepared to 
describe alternative means of meeting system pbjec- 
tives and requirements. The alternatives are reviewed, 
and a decision is made. 

Let us aasume that the alternative chosen involves 
use of a minicomputer. The system specifications are 
prepared, and the library works .closely with the 
agency prpcureni^nL uniL RFPs are issued ^ proposals 
are reviewed and evaluated, and a selection is made. 
The contracts are negotiated and signed. The i^nple- 
rtientation phase follows, 

'Throughout this period the library administrators 
have kept their staff informedj sought their comments 
during the design phase, and performed initial train- 
ing where irfieded. This' function is critical to the 
ultimate success of the new system. 

THE AGENCrS ROLE . 

rhe parent agency can play an active pr pa^ive 
role. If staff are available, the agency datd proc^ing 
unit can take the main roles in the systenis d^ign 
team. If they do not have the resources to commit to a 
project of this scope, they should support the efforts of 
the library to hire an outside contractor or consultant. 
The data processing unit must contribute to the data 
gathering phase arid give accurate ass^ments of what, 
if any, support (in people or equipment) the library 
i iui receive both at present and in the future. 

Ihe agency procurement unit will play an active 
role at various stages of the project. If a consultant is 
hired for the systems analyse, the procurement unit 
will handle the necessary procedures. After the deci- 
sKiii lias been made as to systems designj the procure* 
rnent unit vvill oversee preparation of the RFP and will 
issue it. It will gather /he propcxsals submitted and 
oversee the n?\new, evaluation, and selcjction proceM^ 
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v<^Q^king closely with the sysicmK design team. 
Throughout, this unit will perform necessary coordina= 
fiio^n with the" Federal agencies involved (i.e., USA, 
Ometc/). 

IFIEDERAL"feOVERNMENT ROLE 

The influence of the Federal Government is strong 
Sn the areas of budget, management, and procurement 
d A DP equipment. The attitudes of the Office of 
Management and Budget, the Ck-neral Services Ad- 
ministration, and the National Bureau of Standards 
vw^re discussed in Chapter Five. I here are Federal 
msfulaiions to follow," forms to cjomplete, and prcKe= 
dUir^ to carry out. The impact of these agenGies in a 
library's purchase of a minicomputer is considerable. 
Ah stated above, the link to these agencies is the parent 
^^^ency'sprocuretTient unit = 

At the Government wide level, the Federal librari^ 
a.^ l\ group play a role, rhe Federal Library Gomrnit 
liete has recognized this mie and has suppKJrted nuKlel 
iTrtinicornputer projects in individual libraries It ha.s 
tmmtd a working group on mirueuniputqrs and lia^ 
ajponsored this book. The main needs to be met are 
wablishing communications and ultutiately achieving 
thim coordination ^rnong libraries. It is irnptirtani t'liat 
the knowledge and experit lu c gamed h\ iuw library 
ibi^ shared with others. 

ROLE OF THE PRIVATE SECTOR 

The role of private irulustrv in th(^ L^eneral area^'of 
niinicomputers was' disc usst-d in ( "^laptrr l iw Vrn 
"dlon^ 5f library ser^ic^^s and priKiiu ha\r nHnniicHl 
Isttle in the way such e*s;sf iil. •'nt*ul!it^ uuiikctin^ 
't'f'forts. Fhe rnarkt^t is theitv hut inanv strulot^ li.ivr 
fBOt bothered to go dirini^fi iht^ pa[H-i\stMk ictjuiit d i*. 

^frpA on a Ci8A schedule or Joo'i iui\e ihr patlf iur Of 

marketini? budi?ct to m%(^si in i fir lot^^ aiul t oniphi .u 
■C^Cl bid and nei?otiaiM>n [>OHc=diio^^ iii\iflv<d in 1 MJ\f ui 
rifienc f.)rtH urenieni Ai thr ulhn rod nums IllMaiu. 
have scorned C{)mmeirial firni-> a?. i>rin^ ^usprv i 
bt'cause of thru jHohl riiinivf ^ Hi'lh ^* nd^'i ai>d * 1h ni 
have much to i^ain (nun inoioalU f.i.ii a/ul i^'rn 
rHaii'Hiships 

I hot .1 priiiilr of ilnirihiiirfet pMPiF^inu ^' ' If. hum < ^. „u> ■ -i. , ,t , t,, 

■t ihm M »uwrr«i, rd Sin.ill Si .lU (^unpiinf.t^ h 1 ikr |h*iny 
' KfAlik A Pr//.!jmr (liHililM.if'.j I .Im.hs NrU...ikiMi< \ Si. » Si,pi...n ii i 
ipmsHiiri) in thr MarvLiMil ^hlH' 1 Vp<n t in.-ni i 'fu. Jii^.f! flu N.iii-n.*! [ , 



TRENDS IN FUTURE 
APPLICATIONS OF 
MINICOMPUTERS IN 
FEDERAL LIBRARIES 

Almost every book ends with a statement on. the 
future. The most important statement that can be 
made here is that there is a future for n^inicomputer 
apDlicaiions m Federal hbraries. This in itself is the 
main trend of the present and near future. 

We predict that the tuture will see a trend in Federal 
libraries toward a distributed network of minicompu- 
tef^. This network would not be so much a connrnuni- 
cations network as a network of decentralized^-^ta 
ba&« and decentralized processing.' Bowers envisions 

a ^.;v-^^V. ... 

. concept of distributed proc^ing, which ^olds that ,^,^^tB 
pfocessing is not mmi efficiently and effectively done in large, 
centraU^ed compuiefSj bus rather shcmld be div^dl^ among 
smaller, loosely^^upled maehins.,TTic .division might be by 
gengraphy or by type or task or both, and the|L^i4pHng rnight 
consist of eommunlQAtibris hnei or a person ^nyiW a reejof t^P^ 
from one machine io another.^ 

Pezzanite described a similar approach a work- 
shop on computerized library 'net^rks given in 
Maiyland.^* He proposed a ■statewide distributed 
network. The hub of the network was a central 
processing unit that had. a large-scale computer and 
nuiintained a large cataloging data ba^^e. The data 
bdsv was to include a generalized data base using 
MAfeC tapes, as well as a union state data baae. The 
unit would have ''the responsibility of updating and 
disseminating the distributed data bas^ [contributed 
l)y the iTK-mber libraries] on a regular, cyclic schedule 
as well as "the development' and distribution of 
prmJurts rtquired by members," such as card spts, 
hxHik or f'OM catalogs, and photocomposition. Each 
rnt-mber library would have a minicomputer to use for 
data capjiuie. lot ai processnig, and maintenance of its 
tivvti file The origiual cataloging and the holdings 
^vould be svni to the central unit to update the master 
* Jala baM' KaL h \\brnr) would be responsible for its 
own file and thai file"^ [iticgnty Each mdhiber would 
have! w hat l^ezzanite dest ribed as 'functional autono^ 

I UN 

I he Mability and fraHibiliiy of such n disiribvited 
iMuvork .uuimg Federal hbtaiies are certain, I he 

,....F,-rM7 ■ iviuriil Sfm SirfihriiA KaliiN. "Nelworb And !)tMribui«l 

.\H i/ffi! Minn Vn/rtni K'MMarih !M77l 

k,,Huirs Win \ Ccmpuianun and Vn^t^in^r Sfi>,lfrn Ikm IUUas \m) 

i ,t M.H^'aiui ' si»ffi h tMvrn '\i tlir W nf ksliM|! o[i ( .iHn|!uirri/.f<i l^iiir.HA Nff««irb n.i- 



benefttf iA afficiency and efncacy would be many, This 
donaipt/should be uppenn^t in the mindii of Federal 
Hbriuy administratoi^ aa planning is done over the 
next faW years* \ 

IN CLOSING 

Walter Curley summarized "what it takes to ven- 
ture into a library computer program and to make it 
work^"* Although His words are not very upliftitig or 
positive, they are realistic and ring true. It is hoped' 
that they will put any riew minicomputer plans 
prompted by thti book into pei^pectiv%, and that they 
will temper raw Oenthusiaam with a cautious note of 
realism. ^ 



L Recognize that hardware is the easiest thing to 
come by and software the most difficult. The 
equipment must work; must do what it is intend^ 
ed todo, 

2. Know that time is your enemy ^ until your 
computer program is up and operational 

3. Have the patience of a s^nt with your staff, your 
board, your public, your computer experts. Be 
supportive of staff and understanding about the 
adjustments which they must make to anewvyay 
of doing things. ^ 

4. Develop the guts of a cat burglar — you will need 
tiiem. Once you have made a decision to be 
innovative with compmerSj eyeiyone will be from 
Missouri until you show the pronriised and hopcci- 

for results. ' 

* Wiltcf Curicy, "Innovitive Slratcfie? in Syitems and Automation^'' In Libray Autanatiek The Siati e/thi Art eds. Susan Martin and Brett Butlari pipcra 
printed il the Pr^nfcrens: Inititute on Library Auiomatipn spuniored by the Infonnaiien Science and Automatmn Diviiion of the Amcrlcifi Library ^^lociation 
■t Lm Vegai, Nmda, 22-23 Jufie 1973 (Ghieagoi 
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, hafdwara register that holcb the resulU of arithmetic, 
logical, and I/O operations* 

ACOUSTICAL COl/PLER 
A device that converts electrical lignals into audio Bignals. 
It is used with a telephone hand^t for cortnecting to the 
public telephone network for data transmission. 

ADDRESS 

An identification (namer label, or number) for a register, 
. ideation in itorages or other source or destination for data. 

AMERICAN STANDARD CODE FOR INFORM A^ 
TION INTERCHANGE (ASCII) ^ 
A standard code that repreeft^? charactere by seven-bit- 
plus^parity codra; for use with various data processing 
^systemSj communication fystemsj and associated equip- 
ment, 

ANALOG COMPUTER 

A computer that operates on analog data by performing 
- physical procw^ on thrae data. Cam^dr^: digital computer 

ANALOG DATA \ 

Data in continuous form, usually numerical quantities of ^ 
physical variable such as voltage, speed, rotation, resis- 
tance, etc. Com^r^: digital data' 

ARITHMETIC UNIT 
The part the central proc^sing unit that carrie.^ out , 
computational and logical operations. ^ 

ASCi; s€€ AMERICAN STANDARD CODE FOR IN- 
FORMATION INTERCHANGE , \ 

ASSEMBLER \ 

A computer program that preparcra machine language 
program by converting symbolic language cod^ into 
absolute operation cc^^ and assi^ing absolute or relocat- 
able addresses for symtolic addresses. 

ASYNCHRONOUS 

Occurring without regular or predictable time relation- 
, : ship, 

ASYNCHRONOUS TRANSMISSION 

Data transmission in which control is achieved by **start" 
and "stop" elements at tlje beginning and end of each 
character. ^' 

AUTOMATIC COMPUTER 

A machine that manipulates symbols according to given 
rul^ in a predetermined and self-direcfed manner. 

AUXILIARY MEMORY 

( 1 ) Data storage other than main storage on such a device 
as a magnetic tape unit or a direct access unit. 

(2) A storage that supplemfents another storage, See abo'i 
maM storage ' 
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BASIC ' \ ' ^ . 

A high^cveli algebralike lan^age deigned for use*^n. 
problemsolving by engineers, scientistSi aiid othere who are 
not profraiorial programmers. It is available for interact 
tive, time-sharing direct communications l^tween termi- 

' nal and Hmt.. ^ . 

^ BATCH ' ; ' ' i • . ' 

(1) A type of input in which a number of similar input, 
itemrf Of transactions are! accumulated and proceed 
together at one time. ^ *u 

(2) The sequential input of computer programs or data. 

(3) The techn^ue of executing aiset of computer pro- 
grams such that each Is completed before the next 
progran) of the set is startedi i.e., execution of computer 
programs ^rially. ' . 

BAUD 

An abbreviation for "bit audible." A unit of signaling 
. speed equal to the number of discrete conditions or signal 
events per second, Note* when^the discrete condition is 
such that one elemerit carries one bi|p the baud rate is 
numerically equal.to bits per tecond (B^S). 

BCD see BINARV-CODED DECIMAL 

^ BINARY-CODED DECIMAL (BCD) 

A type of notation system where each decimal digit ii . 
. represented by four binary digits (of bits). 

BINARY DIGIT (BIT) 

( 1 ) One of the two numerals in the binary number system 
— zero or one. It may be equivalent to any characteristic, '- 
property, or condition in which there are only two pc^sible 
conditions, such as on or off or y^ or no. 

(2) The kind of number used internally by computers. See . 
a/jo: machine language. 

BINARY NUMBER SYSTEM 
A number representation system using base- two notation, 
in which the only valid digits are zero and one. 

BINARY SYNCHRONOUS TRANSMISSION , 

^ Data transmission in which character synchronism is 

controlled by timing signals generated at the sending and 

receiving stations, ^/jo ffa//^^: bisynchronous 

BISYNCHRONOUS see BINARY SYNCHRONOUS 
TRANSMISSION 

BIT see BINARY DIGIT 

BITS PER INCH (BPI) ^ 

A measure of the density in which the number of bits of 
information are contairied or written along an inch of 
magnetic tape. ^ 
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8P1 si4 BI IB PER INCH 

BUFFER / < 

V An area of intemajKstorage or a hardware device used to 
itofc infonihation/ternpofarily during data transfers. It is 
used to connpen^te for a difference in rate of flow of data, 
or, lima of ocmmnm of events, when transmitting data 
froin ^e dey/ee to another. 

BUG / 

( 1 ) A program defect or error. 

(2) ArjiiifltakeoPnialfunction, 

BUS 

A circuit or path over which data or power is transmitted; 
- usually lines that conriect locations or a single 4ine that 
acti as a comnion connection among a number of 
looitioni. 

dARTRIDGE TAPE " 

/ A type of itiagnctic tape in a special housing used for ma^ 
/ storage. It is similar to a tape cassette, 

CASSETTE TAPE OPERATING SYSTEM 

An operating system designed to use a cassette tape as the 
miM storage devi^r ^ 

- CATHODE-RAY TUBfc (CRT) i ' 

..^ A vacuum tube similar to a television picture used as 
a stor|i|e or a visual display device, 

CENTRAL PROCESSING UNIT (GPU) . ' 
The unit of a computer that controls the iWcrpretation 
and execution of Instructions such as calculations and logic 
decisions- It is composed of the arithmetic urljt and the 
^ntrol unit and functions directiy with main memory, 
Abo cailedi tnsAn it^nvt ^ 

CENTRALIZED (COMPUTER) NETWORK 

A computer network configuration in which a central 
node provide computing poweK control , or other s6rvica§, 
^£yo£-a//ae/: star network 

CHANNEL 

( 1 ) A path along which signals can be sent. 

(2) That part of a comnfiunicartions system that connects a 
message source with a m^age sink (that is, a terminal 
installadon that receives and proc^^ cfata), Sfi- aisoi 
information (transfer) channel 

(3) A means of one-way tran.fmi^ion. Comparei tircuit 
CHIP see LSI CHIP 

CIRCUIT 

In rommunications, the complete eledfrical path provid- 
^ ing one- or two-way communication petwecn t^o pomls 
^mprising associated go and return/channels. Compare' 
channel 

CLOCK 

-A device that generates periodic signals used for synchrony 
izatioh. o 



COBOL - 
An abbreviaUon for Common ^flusin^-Orlented Lan- 
guage. A high-level language designed for' ms€ in busing 
data proofing applications. ' , 

CODE 

(1) A ^t of unambiguous rules specifying the way m 
which data may be represented. 

(2) In data' communicationSi a syBtem of rules and 
conventions according to which the. sjgnals, reprinting ' 
data can be forrtied, transmitted, rec^i^ed, an^ proceed* 

COM si€ COMPUTER»OUTPUT MICROFORM 

COMMUNICATIONS LINK V f 
The means of connecting one locatibh to another for the 
purpose of tra;nsiiEiitting and receiving information. 

COMPILER / 
A computer program that prepares a machine langiiage 
program (object program) from a computer program 
written in another programmihg /language (source lanr 
guage* usually a high-level language) by using the overall 
logic structure of thejprogram or by generating more than 
one machine instruction for each symbolic state, or both, 
as well as performing the function of an assembler, A 
compiler usually contains its own library of closed 
routine. 

COMPUTER NETWORK ' , 

An interconnection of aasembli^ of computer systems, ^ 
terminals, and communications facilities. A OTmplex 
consisting of two or more interconnected computing units. 

COMPUTER^OUTPUT, MICROFORM (COM) 

A process in which computer information is output onto a 
microform (e,g,, microfilm or microfiche) through a COM 
printerv- . V 

CONCEN1RATOR see DATA CONCENTRATOR 

CONFIGURATION ; / , , 

The group of devices that make up a computer or data 
pr^essing system. 

CONSOLE ^ \ 

The unit of a computer containing the control keys and 
certain sj^cial device used by the operator for direct 
communication with the computer. It can be used to 
control the machine manually, correct errors, determine 
the status of the machine circuits, registei^, and countei^j 
detemiine the contents of storage, and revise manually the 
contents of storage.^ 

CONTENTION SYSTEM ^ 

A system in which one or more terminals and ■■' the 
computer compete for use of the lihe; involves unrcgulatedg 
bidding for a line by multiple users. Compam polling ' 
system ' . t 



ERIC 



CONTROL VmT 

(1) The part of the^ntral prpc^ing unit that directs the 
^uence of operations, intefpreta coded instructions, and 
senda the proper signals instructing other computer 
circuits to carry out the instructions. 

(2) A device that^ontrols the readings writing, or display 
of data at orie or iridrc inpUt/output devices. See aho\ 
input/output qon^^ller 

CONVERSATIONAL MODE *^ 
The process^ for communication tetween a terminal a^d 
the computer* in which each entry from the terminal 
requires a rrapon^ from the computer and vice versa. This 
mode 4nvoIve*i step*by-stcp interaction between the user 
and a computer. 

CONyERSION 

(1) The process of changing from one form of reprcscnta' 
tioii to another. 

(i) The process of transferring information from **one ! 
recorded medium to another, 

CORE - 
lA configuration of magnetic material U^d with current^ 

^•carrying conductors to retain a magnetic polan^ationjn 
either an "on" or ah Voff'' state, for the purpose of storing, 
data represented as a binary one (on) or zero (off). It js" 
commonly used as main memory for computers; ifmain 
memory often called "core memory.'* Aim calUdi 
magnetic tore ' 

COUNTER 

A devicej such as a register or storage location, used to 
represent th^ number of occurrence of an event. 

CPU see CENTRAL PROCESSING UNIT 

CRT jf^ CATHODE^RAV TUBE ' 

CTOS see CASSETTE TAf^E OPERAllNG SYS'I EM 

CURSOR 

A movable spot of light on a cathode- ray tube of a console 
or a display unit that Indicates v^herc the next character 
will be entered, . * 

CYCLE / \ 

An interval of space or time in which one set of events or 
phenomena is completed, 

CYCLE TIME - ^ 

■ (1) The time to read (and restore) a single 'word in 
memory, 

(2) The minimum time interval, in microseconds, be- 
tween two succMive acces^^s to a particular storage 
location, ' 

DATA BASE 

(1) The entire .collection of information available to a 
computer system, , 

(2) *A structured collection of information as an entity or 
colleciion of related fil^ treated as an entity* 
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DA i'A CONGENTRATqR 
A communications device that provides communications 
capability between mai^y^ low-speed, usually aaynchronqus 
channels and one or more high-speed, usually synchrohous 
charmels. Usually different speeds, cod^, and protocols 
can be acconiniodated on the low-speed sidci TTie low» 
speed channels usually operate in contention, requiring 
buffering. The concentrator may have the abllky to be 
polled by a computer, and may in turn ppll terminals^ 

llATA ELEMENT * , 
A class or category of data baaed on natui'al or aligned 
relationships, « ■ . ^ . 

DATA HIERARCHY 
A data structure consisting of sets an3 subsets such that 
every subset of a set is of lower rank than the data of the 

set.. 'V 

DATA STRUCTURE . ' , 

Hie manner in which data are represented and^tored ii^ a 
computer system Or program, ^ , j 

DBMS " . ■ ' 
An abbreviation for J3ata Base A/anagement S'^stem, 

DEBUG 

To detectj locate, and remove mistakes from ^ routine or 
malfunctions from a computer 

DEBUGGER * ^ 

A systems software program deigned, to help the program- 
mer determine caus^ pf problenis found during the 
running of his software. It features the ability to stop the 
executing progmm and determine thc^state of the. machine 
at that time, i.e., the conterit of all memory locations and 
registers, . , 

DEMODULATOR \ 
A device that receive signals transmitted over a communi- 
cations link and converts them into electrical puls^, or 
bi^, that can serve as inputs to a data proc^ing machine. 
Compare: modulator , 

"diagnostics 

A program that facilitate computer mairttenance by 
" detecting and isolating malfunctions or mistakes, 

DIGITAL COMPUTER 
A computer that operate on digital data by performinig 
arithmetic and logical proc^s^ on these data. Qimpani 
analog computer 

DIGITAL DATA 

Information repri^ntcd by a code consisting of a sequence - 
of discrete elements. Compare: analog data 
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DlREer ACCESS DEVICE 

/ ( I) 'Amcrhpry device that allows a particuk^ address 
to bt accessed indepcndenUy of the location of that 
address, "rtie reference is to a locition of a volume tiit her 
than relative to the previously rctripved or stored dllta, 
Comp^rei serial access ■ 

(2) A storage device in which the access time is effectively 

independent of the location of the data. 

Aiso caiied'. random acc^ device , 

DIRECT MEMORY ACCESS (DMA) 

A nSethc^ of data transfer using a hardware device that 
' sets up a 'Speed data path to link memory with 
peripheral electronics, 

DISK OPERATING SVS TEM (DOS) 

An operating system designed to use a disk iis a mass 
.itorage device, 

DISK PACK 

A removable ^direct access storage device containing 
magnetic disks on which data are stored. ^ 

DISKETTE see I^XOPPY DISK 

DISPLAY ' ' ;^ 

( 1 ) A presentation of data in human^nsiblc form, v 
^2), A device for visually presenting dita fjrom the comput- 
er to a user* 

DISTRIBUTED NETWORK^ ' 

A network in which all node pairs are connected, either 
directly or through redundant paths through intermediate 
nodes. Compare: fully distributed network. Aisu called\ 
multistar nelwork 1 

DMA see DIRECT MEMORY ACCESS 

bos see DISK OPERA TlNGi SYSTEM 

DUPLEX 'TRANSMISSION k 

Simultanebus two-way independent transmissic^ in Ixuh . 
directions, /t^o called: fulUduplex Compnrei half-dupleH' 

ETIME > 

The enccution cycle. One of two l^asic machine cycles of, 
the control unit. The |;istniction is performed during the 
execution cycle. E-time varies according to, the length of 
time required to perform a specific instniction; for 
example^ addition docs not take as long as multiplication. 
Compare: 1-time 

EBCDIC j^r EXTENDED BINARY tK3I)En 
DECIMAL INTERCHANGE CODE 

EXTENDED BINARY CODED DECIMAL IN rER- 
CHANGE CODE ^ % ' 

' A system of codes fqr a set of 25f) characters, each 
represented by a different eijLfhhbit pattern. ^ 

FIELD 

(1) A set of characters rppresi'ntinK Icjgical units or data 
elements. 



(2) In a record, a specified area used for a particular 
category of data, It can be of fixed or vaH able length, 

FILE. ' ^ 

A collection of related records treated as a unit, 

FILE LAYOUT 
'Hic arrangement and structure of data in a file, including 
the sequence and size of its components. 

FILE MAINTENANCE ' ■ 

Keeping a file up to date by adding, changinl* or deleting 
data. 

FIRMWARE / 

Software instructioris that have been more o^ le^ perma- 
' ncnUy buped into |y=^ROM (read-only memory) or 
PROM (programmed read-only memory) chipi 

FIXED-HEAD DISK 
A ma^ storage device which us^ a rigid, circular plate 
with a nonmovable read -write l;iead for each track of the 
disk., 

FIXED-LENGTH FidCBl : 
A data field that has tJ^sanrirpredetermineH nu of 
characters from record to record > ^ompare,' van able- length 
field ' 



FLAG 

A character or other indicator that sij 
of some condition. 
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FLIP-FLOP 

A sequeritial switching circuit capable of storing one bit of 
information in one of two stable states* Flip-^Iops may be 
grouped to form storage register, countei^, shi^t registei^, 
or other functional components. \ . 

FLOPPY DISK ^ \^ 

A mass storage device in which the storage mediuiri is a 
single flexible plate of Mylar material housed in a paper 

' jacket. ^/idftf/Zfrf: diskette \^ 

FORMAT 
A specific arrangement of data. 

FORTRAN 

An abbreviation for Fomiula Translator, A high-level 
language designed for mathematical computations. ^ 

FULL DUPLEX see DUPLEX ^ 

FULLY DISTRIBUTEp NkTWORK 
A network in which each ncKlc is directly connected with 
every other node. Compare i distributed network 

GATE ^ ^ 

A device havirig onef^ output channel and one or more 
input channels, such that the output channel state is 
completely determined by the input channel stat^ except 
during switching transients. Common logic gates are 
AND, NO, and NAND (not and). 
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HALF-DUPr.lk 
Alternate, one way atU timej inclci^cncJcnt tranNtnis»ion. 
^Compare I duplGK 

HARDWARE / 

l*hc jshysica! , equipment of a dalA prmjtv^ing RyNtcin, ah 
opposed to the computer program or rncthcxl of use, 

HEXADECIMAL NOTATION 
A scheme in which hcxadccimiih numt^rs are used to 
represent four-bit pattarii^^ a^ a shorthand mcrnis. ;l'hu 
hexadecimal number tystem uses a bauie of sixteen , with 
valid digits that range from 0 through F, where F 
represents the highest units position (15), 

HIERARCHICAL (COMPUl1bR)/NE1WDR 

A computer network in which proccssipg and^controi 
functions are performed at several levelMi by computers 
specially 'suited for the functions fjcrformedi e,g., in factory 
or laboratory automation, vl /jo tree network. 

OST 

A computer attached to a network providing mainly 
^ services such as computation , data Imsc access, or b'pccial 
programs or programming languages. 

The instruction cycle. One of two .basic machine cycles of 
the control unit. During the instniction cyclcj the instruc- 
tion register^ receives the rtext instruction in the stored 
program, the instruction is interpreted in preparation for 
its execution, and ! the location counter is adjusted to 
contain the addre^ to the next instniction, CQmpttre: E- 
^ time 

IDENTIFIER 

A symbol whose purpose is to identify, indicaie, or name a 
body of data, 

ILL ' \ 

An abbreviation for /nierlibrary /_.oan, ^ . 

INDEX 

(1) In data managCTnenii a tabic in thecaialog structure 
AJ,5cd to locate data seLs, 

(2) In data management, a- ,iablc used to locate the 
records of indexed sequential data sets, 

INFORMATION (TRANSFER) CHANNEL 

(1) The functional connection betwt'cn the source and the 
^sink data terminal equipment. Ji includes the cirfcuit and 
the associated data communication.^ cquipmetu. 

(2) The assembly of data conimttt>ic^itions and circyiLs, . 
sometime including a reverse channg^r, • 

INPUT/OLTrPUT CONTROLLER 

A device that directs the interaction iKHwccn the process^ 
ihg unit and input/output devices. See aim control unit 

INQUIRY . 
A requ^t for information from storage. 
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iNS1 KUCri ION SET / 
A set of operations that can Be rcpr^cntcd in a given 
operation code, Aiso^chHed l imiruciion rcperioire 

INIERACTIVE 1 
pertaining to exchange* of information and control be- 
tween a user and a computer proc^. In the interactive 
mode, direct conimunication is established and a cojhver- 
sation or dialogue is often undertaken, Sa also) conycrsa- 
tiona! mode 

INTERFACE 

A shared bounda^ry/ Ari '^interface might be a hardware 
component, linking two devices, or a portion of storage or 
registert acceded by two^r more computer programs. An 
interface enables devices ^lo transfer information to and 
from pnc device or pfogram and another, 

internal: STORAGE 
The addressable storage directly continued by the central 
procc8sing unit. Also ealledi ttia^h memory 

INTERPRETER ^ 

(1) A program that translates and executes each source 
' langimgc statement b^ore translating and executing the 

next one, , ^ 

(2) A device that prints on a punched card the data 
already punched in the card, ^ 

INTERREGORD GAP (IRG) 
The area at the end of a block or record on a blank tape or 
disk. It is created during the start-up and the stop time, 
during which no data are recorded, 

INTERRUPT 

lo stop a proce^ in such a way that it can be resumed. 
f - - ' . . ^ ' 

INrERRUI*^riON y 

A brCi^k in the normal sequence of instruction execution 
which causes an automatic transfer to a preset storage 
IcKimtion where appropriate action is taken. 

INVERTED FILE ' ■ 

In* information retrieval, a method of orgarii^ing a cro^- 
index file in which keywords identify records. 

INVERTED TABLE LOOK-UP 

rhc process of searching a table whose sequence or order is 
other than that of the original table, ^ 

, ^ . '■ ' 

I/O 

An abbreviation for /nput/(?iitput. , 

IRG see INTERRECORrD GAP 

JOB - 

A specified group of tasks prescribed as a unit of work for a 
computer. A job usually includes all necessary progranis, 
linkages^ files* and instructions to the systefn, * 
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JQBiORIENTED TERMINAL 

A terminal designed to receive source data in art environ- 
ment a^ociateti with the job to be performed and capabje 
of transmission to and from the system of which it is a part. 

KEY V 

One or nnore characters in an item of data that are 
used to identify it or control iLm use. 

KEYWOHp 

One of the lignificant and informative words in a title or 
cjocumcnts d^ribing the content of that document, 

LINKED LIST RELATiONBHIP 

A configuraiion of ordered items, which Ubually do not 
occupy contiguous locations in online or offline memory, 

LOGICAL EN mV 

All the data input to thbda'ta base in one logical grouping, 

LOGICAL FILE 

A coiiection of one or more logical records. 

LOGICAL RECORD ' 

A coiledtion of items indepcnderit of their physical 
environmeni. Portions liLthe same logical record may be 
located in different physical records, 

LOOP NETWORK 

A computer network in' which each computer h con/iectcd 
to adjacent computers, Aiso tailed: ring network 

LSI CHIP 

A small integratcd-circuit package containing many logic 
elements: Large-scale integration [i.S I) densities can vary 
from 300 to 10,000 transistore per chip. 

MACHINE LANGUAGE ' 
A binary language or code used directly by a computer, 

MAGRd 

An instruction in a source language, equivdleht to a 
specified sequence of machine instructions. 

'Magnetic coRE-j^f cqre 

MAIN FhA;ME see CENTRAL PRCXn'StilNG UNIT 

MAIN MEMORY 1 

(1) The genera N purpose Moragc of the central processing 
.unit that can be accused directly by the o|>erating 
. registers. It stores both the data on which to Ijc operated 

and the program dictating the operations to l>c performed. 
' (2) All program^addr^sable storage from which instruct 

.lions may be executed and from vvhichdatacan be loaded 

directly into registers. 

Atso calM\ main storage and working storage 

* MARC ' ' 

An abbreviation for A/flchine-/?cadabie Cataloging, 
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MASS Sl^QRAGE ' ^ & /, ' 

Data storage other than the main memory; uiually^Jeyiccs 
that have large capacitleSj such as magnetic tape or disb. 
^/jGfa//^'<^/r auxiliary storage ' 

MliAN TIME TO I^AILURE (MTrF) 

A measurerftent basctl orl a ratio of the operating time of 
. cquipmctit to the number of observed failures, il/je cnlltdi 

mean time between failures (MTBF) 

4 

MEAN TIME TO REPAIR (MTrR) 
A measurement that relates to the normal rcp?iir time for a 
piece of eCjuipnienL ^ ^ = 

MEMORY , ■ ' 

A unit of the computer used to store information received 
through an input unit or developed during the processing 
of data, The information can be brought out of storage for 
use without being d^troyed. Also calledi storage or^ora 

MESSAGE SWITCHING 
A method of handling messages over communications 

! ' networks. The entire mmage 13 transmitted to an interme- 
dia te point (a switching computer), stored for a period of 
time, and then transmitted towards its destination. The 

I destination of each message is indicated by an addr^ 
integral to the message, 

^ MIGROGdMPUTER 

A computer with a mieroproceswr as its central processing 
uniti 

MICROPROCESSOR ^ 
An LSI central proce^^ing unit on one or a few chi^, 

MINICOMPUTER 
A physically small, relativel)f,inexpensivei general^purpose 
computer that can operate in a regular en vironmeoj with 
' ' as much peripheral and system support as nec^iy to 
meet the requirements of the application, 

MODEM ' , . 

An abbreviation for A/odulator-^fmodulator, A device 
that modulates and demodulates signals transmitted over 
' comrnunication facilities, " 

MODULATION 5 
The process by which some characteristic of one wave is 
varied in accordance with another wave or sigriaL This 
icchnique is used in da|a sets and m^ems to make 
business machine'signals compatible with communicadons 
facilities. It converts digital data for transmi^ion^ on 
analog telephone lines arid for recovering the digitai 
information at the receiver. Compam demodulator 

' MOS 

An abbreviation for A/etal Oxide Semiconductor, a kind of 
material used in constructing chips. 
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MOVABLE^HEAD DISK ' . ^ 

A mam storage device that uses m a nlecliurh'^ fi^gid, 
circular plate with ^ .movable read-write hnai that 
positions jtiielf over the appropriate truck of the disk,, 

MTOF see fiAEhN TIME TO FAILURK 

hfTTF see MkAN TIME TO I^AILURE^ 

MTTR'see M^AN TIME TO REPAlk . 

MULTIPLEX MODE : 

A^ means of transferring records to or from iow-spced 
■ input/output devices on the muhiplcxer chanrMl, by 

interleaving bytes of data. The muitiplcxer channel 

sustains simuhanebus input/output operations on several 

subchannels, 

MULTIPLEXER CHANNEL ^ 

A. channel designed to , operate with a numljcr of in- ' 
put/ output devices simyltaneously. , 

MULTIPOINT NETWORK 
A configuration in which more than two terminal in^talla^ 
tions are connected. , 

MULTIPROCESSING ^ ^ / 

A configuration of two or more central processori that*can 
be independently initiated and have acccas to a common ^ 
jointly-addr^sable, memory > Each proct^sor can operate 
simujtahcously, either on segments of .the same job or on 
entirely different jobs, ' ^ 

MULTIPROGRAMMING ^ . 

A resource manigemcnt system in which an executive 
routine allocate the resources of the computer to many 
programs concurrently. It is compc^d of procedures for ' 
handling numerous routines or programs seeiningly siniur- 
taneously by overlapping or interleaving their execution. 

MULTJSTAR NEmORK m. DISrRlBUrfp NET% 
WORK 

MULTITASKING /; 
(!) A program design strategy in which the various logical 
elements making up a program are written so that they 
may operate asynchronously with respect to one another, 
(2) Procedures in which several separate but. interrelated 
tasks operate under a single program identity and may u^e 
common routines, data space, and disk' files. 

NEfWpRK ' 
( I ) An interconnected or interrelated group of nodes. 

. (2) In telcprocessingj a number of communication lines 
connecting a computer with remote terminals. * r 

( 1 ) An end point of any branch of a network, or S junction 
common to two or rnore branches of a network, 
' (2) Any station .^terminal, terminal installation, commu= 
nications computerj or communications computer Installa^ 
tion in acomputeMictwork. 
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Cx::R see pFnCAL CHARACTER RECOGNITION 

OFFLINE ^ / ^ 

Pertainirig to equipn^ent or devic^ not under control of 
the centrarproccssing unit. Opffi^r^: online 

OFFLINE SVSTEM ^ ' 

In teleproc^iing^ that kind of system in vvhich hunrian 
o|^ratiohs are required between the original ifecording 
functions and the ultimate data processing function, This 
include conversion operation aA well as the necessary 
loading ifnd unloading operations Incident to the use of 
polnt-to-point or daia-gatherinf lystems!' 

ON^DEMAND SYSTEM . '^i 

A system from which information or service in available at 
. tiine of request. . ^ ' 

ONLINE * " " - " 

pertaining to equipment or devices under dontrol of the 
central processing unit. Comparei offline 

ONLINE DATA PRpCESSING 

Data processing in which all changes to relevant records 
and accounts are made at the time that each transaction 
or event occUii.'Com^r^: batch processing ^ 

ONLINE SVSTEM , 
(!) In teleproc^ing j a system in which the input data 
enters the computer directly frotn the point of origin or in 
'which output data are ^ansmitted directly to where it is ; 

used. . 

(2) A system that eliminaf^ the'need for human interven- 
tion between source recording and the ultimate "processing 
by a computer* ■ _ 

OPERATING SYSTEM 
Software that controls the execution of computer programs 
and may provide scheduling, debugging,; input/output 
control, accounting, compilation^ storage assignment, data 
managemfcnt, and related ^rvices. 

OPriCAL CHARACTER RECOGNITION (OCR) 
- Machine identification of printed charact^cri through use 
of light-sensitive device. 

^ PAGE . , 

^ A segment of a program or data, usually of fixed length* 
that has -a fixed virtual addr^ but can in'fact r^ide in 
any region of the computer's working storage. 

PARIT^ 

, A simple form of error detection in which one ndndata bit 
is added to the data bits jn a character so that the total 
number of "one" bits is either always. even or always odd, 

PARITY BIT ^ 
A check bit appended to an array of binary digits to make ' 
the sum of all the binary digits, including the check bit, 
always odd or always even. 
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PARITY CHECK , / , , 

A cK«k thai whether the number of otien (or zerGa)Jn 
an array of bina^^jgiti is odd or even. 

PERIPHERAL ^ 
In a data proc^ing systenr), any unit of equipment, 
distinct from the central procasing unit> which may y 
provide the system with outside communication. 

PHYSIGAL RECORD 
A group of wordsj characters^ or digits held in one section 
of an input/putput medium or store and handled as^ unit. 

no sii PROGRAMMED INPUT/OU I PUT 

POlNT-Tb-PpINT NETWORIC 
*A network configuration in which a cdnricction is eatab- 
liahed between two, and only two, tcrrninal installations. 

POINTER 

An identification, as reprinted by a nam^, label, or . 
number, for a register, location in storage, or any other 
data source or d^ination, Loosalyj the address of the next 
mibrd. 

POLLING SYSTEM ^ 
A system in Which 'leach of the terminals sharing a 
comhiunications line is periodically interrogated to deter- 
mine whether it r^uira servicing, ' , 

PRIMARY STORAGE see MAIN MEMORY ' 

PROCESS CONTROL 
Pertaining to syBtems whose purpose is to automate 
continuous operations, ^ 

PROCTSSOR see CENTRAL PROCESSING UNIT 

PROGRAM " ^ 

(1) A series of actions propased in order to achieve a 
certain r^ult, ^ , 

(2) A plan and operating instructions needed to prcxiuce ^ 
faults from a computer. ^ 

PROGRAMMED INPUT/OUTPUT (PIO) 
A method of data transfer that makes use of program 
instructions rather than hardware devices to controh the 
transfer of information between the central processor and 
an external device. 

PROM 

An abbreviation of Programmable ^ead Only A/cmory. A 
kind of chip that is not recorded during m manufacture, 
but instead require a physical operation to program it. 
Some PRO Ms can be erased and reprogrammcd through 
special physical processes. Comfmm ROM 

PROTOCOL 

A formal set of conventions governing the format and 
relative timing of m^sage exchange between two commu- 
nicating process^. 
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' Fb^tiOM ACCESS D£^ICE sii DIRECT ACCESS 

READ ONLY ACCESS A 
The sharer may read the c|ata set but he may not change it 

in any way. - * . ' ' 

. % ' " ^ . , ■ 

REAL TIME PROCESSING 
The prpcwing of information or data rapidly enough that 
the results of processing are available in time to influence 
the proc^^ beihg monitored or controlled. 

, RECORD 

(1) A collection of related items of data, treated^ a unit. 

(2) A collection of fields. * ' > 

REGISTER 

( 1 ) A device capable of storing a specified amount of dataj 
such as.one word. ' 

(2) A temporary storage deyic^ used for one or more 
words to facilitate arithnieticalj\logical, or transferral 
operations. ^ ^ 

REMOTE ACCESS/ 
Pertaining to communication with a data proc^ing 
facility by one or mbi^ stations that are distant from that 



REMOTE BATCH PROCESSINQ ^ . ^ 
A procedure in which "OTniputer programa or data are 
entered Into a, remote terminal for transmission to the 
pent'ral proctor* This allows various systems to share the 
rraourccs of a batch-oriented conriputer. 

RFP ^ ^ . . V 

An abbreviation for /?equ^t For Proposal. 

RING NETWORK see LOOP NETWORK 

ROM . ■ 

An abbreviation of Rmd Only Memory, A kind of chip 
that has all of Us circuits, e.g. ^ logic i^lements or data, 
recorded as it is manufactured and can never be erased. 

SDI ^ ■ 

An abbreviation for tJelcctive Dissemination of /nforma- 
tion, ^ 

SEMICONDUCTOR MEMORY ^ 

A memory whose storage medium is a semiconductor 
circuit. ^ 

SERIAL ACCESS 

(1) Pertaining to the sequential or consecutive transmis- 
sion of data to or from storage. 

(2) Pertaining to the procOT of obtaining: data fromj or 
placing data into, storage, where the time required for 
such access depends on the location of the data rnc«t 
recently obtained or placed in storage, Compam direci 

' access device 

\ 
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PHARED riLE / , ' \ 

. dlr^t accM device that may be U9ed by tvyo Bystetna at 
the iatne timei a shared file may link two systcrna. 

SINK^ • • / - • 

(1) The point of use of data in a network. 

(2) A data temninal InstaJlation that receive and proc^^ 
^ data from a jconnected ^anncl. 

SOFTWARE 

A set of pfogramii procedures^ and j^sible aasociatcd 
documentation concerned with the operation of a data 
proc^lng sygtem. ^ 

, STACK 

* (I) A block of succ^ive memory location/i that are 
■ accmible from one end on a last'in-firet^out b^is. The 
stack is coordinated with a stack pointer that keeps track 
of ifoiage and retrieval of each byte or word informa- 
tion in the stack. TTie words "push" (move down) and 
"pop" (retrieve the most recently stored item) are used to 
dwribe its operation, 

(2) A hardware device comp^ed of a coIJection of 
registers with a counter which serves as a pointer to 
indicate the most recently loaded register. Registers are 
unloaded in the reverse of the sequence in whi^h they were 
.' loaded. ^ ^ 

STAR NETWORK 
A computer network with peripheral nodes ail connected 
to one or more computen at a centrally located facility. Se€ 
also: centralized network 

STORAGE MEDIUM 

The material on which data are stored, c.g.,,magnctiQ and 
paper tap^, disks, and magnetic core. 

SUPERVISOR ' 
A control routine or routines through^ which the use of 
resources is coordinated and the flow of operations 
through the central processing unit is maintained, ' 

SYSTEMS ANALYSIS 

i Tlie study of all of the com^ncnts, operation^j data, 
information and material flowj work environrnenti etc, 
that constitute the^existing system, 

TABLE 

A collection of data in which each item is uniquely 
identified by a lat^U by its petition relative to the other 
items, or by some other means. 

TAPE OPERATING SYSTEM 

An operating system designed to use magnetic tape as the 
ma^ storage device. ^ 

TASK , ' ^ 

A unit of work for the central processing unii» from the 
standpoint of the control program. 



. TASICmWgEMENt' ' ' " \ ^ 

Thme functionfl of the control program that regulpitc the 
« use by ti^ka of the central proc^ing unit and oth^r 

r^ourccs. , ^ 

TELECOMMUNICATIONS 

( 1 ) The transtniMion of sisals over long distance, such as 
by tclefraphy^ r^dio, or television, 

(2) Data transml^ion ^tween^a ^nppiiting^tem and 
remotely located devi^ via a unit that ^rfornii the 
ncOTsaiy fofmat conversion and aintrols the rate of 
transmi^ion. • ' 

TELEPROCESSING 

(1) A Toiin of information hatidlinf in which a data 
proc^ing lystem us^ conimunication faciliti^,, 

(2) The proc^ing of data that is received f^m or sent to 
remote locations by way of teiecommunicatiorK lin^. 

TERMINAL i ■ 

(1) A point in a system or cbmmunicmtions r\etwork at 
which data can either enter or leave. ' 

(2) Any device capable of sending and receiving informa- 
tion over a ^tnmunicationchanneL ^ 

TIME^SHARING 
{\) A method of using a computing system that allows a 
number of useti to eiceaute progrania concurrently and to 
interact with the programs during execution. Although the 
computer acrually servim each user in sequence, the high 
speed of the OTmputer rnak^ it appear that the users are^i 
alLhandled simultaneously. 

(2) Pertaining to the interleaved use of the time of a 

device. 

TIME SLICE " . 

A designed interval of time during which a job can u^ a 
rraource without being preempted, 

TIME^SLICING \ 
A feature that <^ can be us^ to prevent a task from 
monopQlizing the central proc^ing unit and thereby 
delaying the alignment of CPU lime to other tasks. 

TOS see TAPE OPERATING SYSTEM 

TREE NETWORK HJERARCHICAL NETWORK 

TTY • . , ■ 

An abbreviation for T'elej^pewriter equipment. 

TURNKEY SVSTOM ' " ^ 

A commercial on-the-she!f package that include the 
minicomputer, peripherals,' and %ftware nectary for a 
specify application i ^mplete and ready to u% upon 
installation, ^ , 

VARIABLE^LENGTH FIELD 
A data field that can vary numbei^ of characters from, 
record to record, Compdre: fixed-length field 



VIRTUAL MEMORY . 
A method of itorage acc«^ involving tranifer of infornia- 
tion one page or more at a time between primary and 
tecondary memory, mnd allowing the programmer to 
addrra total storage without regard, to whether primary 6r 
lecondary storage is actually being addr^sc# . 

VIRTUAL OPERATING SYSTEM (VOS) 
An operating system deigned to use a virtual^memory 
rnaas storage technique; ' ^ ' , 

VOS VIRTUAL OPERATING SYSTEM 

WORD 

(1) A character string or a bit string considered as an 
entity, ' ' u . ' 
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(2) A group of characters c^cupying one storage locatiott 
in a computer. It is treated by the computar circuits as an 
entity, by the control unit Bn an instructionp and by the 
arithnrictic unit as a quantity, ^ f ' , 

(3) The smallest addressable unit In rnaih memory. 

WORKING STORAGE y 
In programming, storage jocations racrved for intermedin, 
ate r^ultJ. ^/jo ^//^^: niain metnoiy 

ZEBRA LABEL ^ 
A label with preprinted lin^ in coded patterni which are 
read by a light pen (a phatoccll device). Aiso calied; bar- 
encoded laW ' ' 
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DESIRED/OPTiONAL WEIGHTING 
/ ^ ' SECTION E REFERENCE 



A. GOMMUNlCATldNS 








5% 


^ 1. Switched neiwbrk operatioh ■ * , 


II 

^ 


2.b.Lc 






2\ Remote batch concurrent with " 










interactive applicatiohs ■ i 


II 


i.b.i:d 


' 6 




3i Higher level synchronous protocoli 


II 


2.c.Ld 


. 7 




4, Loop toting p i 


11 


a.d.Ler 


7 




* 5. Software selectable baud rate 


n 


S,c,2.c 


X 




B.'PERIPHERAL3 . 








5% 


i: CRT r [ \ ^ ^ .-'m^'i^^ 










7x9 dot rnatrix character. generation ' ■ 


' II 


2.d.Ld 


9 




' 'f.. character highlight. 


ir 


2.dJ.^ 


9 




alternate Uppers case only * 


II 


2.dlJ 
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serial Input port 




2,dJ,m 


10 




58 line K 80 character formdt r ^ 


II 


2.d,La 


: 10 




MARG-II character set ' 


II 


2.d.Lk-' 


_^ 10^ 
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Hardware data entry format 


II 


a.d^.h 


9 




Automatic tab * 


II 


IdLf. 


9 




2, Separate system digk . 


II 


2.d.2,a. 
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? f 3t Nlagnetic tape ^ . 


II 2.dJ.p 
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\^ 4, Line printer=MARC 11 character set ■ . 


. 11 


2;d,4,h 
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5i Document Printer 






14 




. 'i ' alternate upper ca^c only 


II 


2,d.5,f 


14 




Word processing capabilities 


II 


2,d.5,g 


. 14 






II 


2.d.5,h 


14 




6i "IB^t channel interface 


II 


2.d,6 


14 




G SYSTEM SOFrWARE 








15% 


L Generic & specific peripheral 










reference ' ; 


II 


3-a>2: 


15 




2. Privileged u§cr. access ■ ' ' 


II 


3.a;4 


15 




-3. Tuning 


II 


3m,5 


15 




4. User prioritization . 


u 


3,a.lO 


15 




^ Filf" iTin naf*piTiPfit==hi nil fv Hata hanrllinp 


II 


3,a, 1 3.a 
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6, Down line load from hc^t computer 


II 


3,a.l6 
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7. High level languages— PL/1, 










ALGOL, BASIC, RPG^II 


n 


3,b,l 


^. 17 




8. Sori/^mergc [^rformance ' 


II 


S.d.l * 
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D. QUERY AND SOURCE DATA ENTRY SOrTWARE 








15% 




II 


3,c 


18 




E; DBMS ' / ' 








10% 




II 


3,f 


18 




WORK PROCESSING SUBSVSTEM ^ ' 








10% 


•G. RELIABILITY 


II 


H 




35% 


MethcKiology ' - 


II 


3,i 


27 




Analysis ' , 


II 


2.a.6 


4' 




H, SYSTEM HARDWARE EASE OF PROGRAMMING 








' 5% 
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SECTION F ' . 
I. SYSTEM SPECIFICATIONS 

This RFP is intended to be a -'System Specification*' .rather than a ""Hardware 
Specification." Overall system requirenients and mdividual configuration require- 
ments have been described so that each prospective vendor will have the capability to 
propose the most effective approach for ^is particular product line. It would not be in 
the best interest of LC to circulate an RFP containing a list of specific nn^el numbers, 
core sizes, and so on. For a procurement of this kind^ U is rnpst useful to rely on the 
unique problem -solving resources of minicomputer-oriented vendors and OEM's to 
prescribe a set of hardware and system software which will meet or exceed LC's 
response and reliabiUty requirements. 

A. Globah Requirements (comrnon to all systems covered by this procurement). 
F System Architecture 

a. The systems proposed must be multilingual and multiprogramming computer 
S)^H{ems capable of supporting interactive program development. There shall be a 

. , minimutn of two terminals available for development of applications code but not 
^ necessarily concurrent with any givea application. 

b . Fo acco m t n oda t e 'C 1 1 a n ges in wo r k lo ad , t h e sy s te ms ( hard wa re a nd software ) must 
allow modular mcremenis \n hardware, i.e ^ able to utilize more or less .of any of 
the individual hardware components (except the cpu) and more or less cpu 
memory capacity by field modification. 

c= Fhe proposed systerns musf include an operating system which permits effective 
control of routine optTa lions a-s we If as unscheduled operations, e.g,, recovery. 

d. I he systems proposed must ct)[nmunicaie with system users, e.g., via operating 
system conimands, a text editor, a language processor and mteractive debugger. 

e. I he arch 1 lecture and con figiira lion of eacli proposed system must enable each 
systeni to provide a response lime to eiicli user terminal of not more than ten (10) 

* seconds during sustained peixk load operation (the fimctional descriptions of each 
of the six individual systems p>rovide sufficient information for Bidders to derive 
"worst=case" and sustamed peak load performance requirements for each system). 

f. Ilie system proposed miiHi fiave software compatibihiy across all configurations of 
a single rTiainfrairie lype or a tompuicr "line," if such configurations are proposed. 

2. System Hardware 

a. Mainfmffif or l^Pl . iCat li propo.sal shall include relevant details such as 
l_>and Widths, fjuss sinicture, rnuliiphcity of data paths, and control pa this, 
instruction rc[)ertoire arui tiniirigs. '*intelligeni" components, interrupt stnicture, 
registers, antl performaru e enliaru ('ivient Hirategies. 

(1 ) The fundamental unit of internal data moverueht must be a "word" of at least 
\i) data bits plus any system bits such as parity, etc. 

i'i) riiereMnust he at least foui (4) general purpose i^gisiers usable by application 
progiamn; sixiecMi (lb) registers are preferred. nescril>e niethodology for using 
registers as acrinnulators and for indexing. 

(J) I he upper and lower limits of menioiy must Ix" explicity stated. These limits 
should l)e ii fimctKMi of IkuIi [lardvvare and sysiein software requirements (i.e.. 
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for the operating system, compilers etc. specified for this procurement, what is 
minimum memory required and maximum memory supported). ' . 

(4) The basic memory cycle time must be one micr^econd or le^ and the effective 
memory cycle time due to memory configurations such as interleaving OTxache 
memoiy paging must be stated in detail with any a^umptions used suclias hit 
rate or instruction mixes, , ^, 

(5) The following features must be included: 

(a) prograjTi accessible clock 

(b) automatic program load 

(c) memory protection 

(d) automatic error detection • 

(e) automatic p^wer failure detection 

(f) automatic restart from powar failure with no loss of memory* 

(6) Illustrate using ^sembler source code statements and in a high-level language 
such as COBOLi FORTRAN or PL/1 the necessary instructions required to 
perform the following tasks. For each task, state the time required for execution 
assuming no interruptions occur: 

(a) Move 1601 bytes from one area of memory to another area of memory. 

(b) Compare a character string of 329 byte^ to another string of the same length 
and branch if not equal. 

(c) Compare one binary value to another binary value and branch if not equal. 
Both values are initially stored in memory. 

(d) Branch to a location in memory having saved the addr^ of the next 
instruction (so that a return could be executed). ^ 

(e) Decode and add the following characier sinngs together and encode the result 
back into a character siring. Timing should be given for each step in the 
procc_ss (i.e., decode^ add, encode.) 

123,932,480.63 
1,420.64 

(f) Specify the time required to access a physical block of data from a disk file 
considering the operating system overhead and hardware limitations. 
Assume no file management system. 

(7) State whether processor instniction set is hardwired or microcoded. 

(8) vState whether any of the following desired instruction types are available: 

(a) Immediate data (i t- , daia available In instruction word). 

(b) Slack operationfi (push, pop, etc.). 

(c) Operations on packed, signed, non- integer (i.e., real) data. 

(d) Byte addressing wuhtnit having to load into register and shift, 

(e) Code iriinslation and Htrmt; cdu 
b. Cornmunuaiions 

(1 ) Remote Batch 

(a) The proposed hystt iii inusi \>c tapable ()f communicating as a remote batch 
terminal and i oiuain a mi^inumi of two channels, 

(b) .;As a remote batch terminal, the proposed systems must interface via 
bisynchronous communicaiion protocol to an IBM 370 Model 158 using 
2780 bisync or f lASP work station [innocol. 
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(c) The capacity to use a private line service for remote batch communications 
is mandatory. It is also d«irable to have the capacity to use a switched 
network, 

(d) It is d^irable that the propped systems be able to support concurrent 
operations of remote batch and interactive'applications terminals^ 

. (e) Terminal controllers or multiplexors must be capable of accommodating up ' 

to at least 60 asynchronous concurrent connections, 
(f) Detailed information of the preferred characteristics of the communication' 
channels foUovv^, If a vendor cannot meet all of the preferred specifications 
he should specify which are not met and why his proposed system will be 
better or more useful to LC. 
c, Commmicatwn Chameli 
( 1 ) Synchronous Channel 

(a) The proposed system shall have a Transmkter/Receiver capable of 
interfacing with modems whose input characteristics conform to one or more 
of the following at a transmission rate of at least 9600 bps; 

L EIA RS^232-C, RS^334, RS=269A 

2. CCITT Recommendation V. 35 

3. WECO 3Q3 (Bell 303) as described in AT&¥ Eublication 41302 
"Wideband Data Stations, 303 Type."' 

When more than one of the above is available the selection of the particular 
interface shall be done by external cable change and/or modular repla^- 
ment of output circuit drivers/receivers at the LC facility. 

(b) The synchronous channels shall be capable of handling 2780 bisynchronous 
protocol or HASP work station protocoL A complete and detailed d^cription 
of this portion of the system is requested to include hardware interfaces, 
software supplied or required and any limitations, 

(c) The vendor also must supply a cable and signal connection diagram for this 
section identifying the type connector being proposed and its signals. This 
will enable LC p^^rsonncl to adequately determine if the proposed system is 
suitable. 

(d) A desirable option would be the adaptability to several of the new bit 
oriented, full duplex protocols listed below: 

L FED^S'l D- 1020(A) P:IA RS-422 Balanced 
2. FKD^Sl I^1030(Aj EIA RS 423 Unbalanced 

:i rTT) S rri>m^TTProposed) EIA XYZ Physical for "Analog*' faciliti^ 

4. FED STT>I029 (Proposed) EIA ABD 

^ 5. FE1>STD^ 1040 (Proposed) CCITT X. 21 Public digital networks. 

(e) rhe vendor shall describe any Iqopback testing facilities available for . ' 
determmuig if the computer mterface is opcrttting correctly, 

(2) AsYnchromjiis Chnnnfls 

(a) The asynchronous channel shall interface with the proce^or or memory on 
a: character basis. The transmitter shall have a parallel loaded buffer and 
serial output= An overrun error signal is desirable. 

(1)) Tlie speed range shall be from a minimum of 110 baud to a, maximum of** 
9600 baud rate 

(c ) It is desired that the rransniitter/Rccciver be designed to allow software to 
H(!|ect the baud rate. 
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(d) Even, odd, or a no parity scheme is required and each Transmit' 
tcr/Receiver pair shall generate, check or inhibit parity as determined by 
software, 

(e) The character length shall be selectable to five, six, seven, or eight bits. 
/ (f) The Transmitter/Receiver pair shall select one or two stop bits in addition 
/ to one start bit, OneandonehalfstDpbitsmay be utilized if two stop bits are 
/ selected for a five bit character. t 

(g) The m^em control signals shall conform to RS-232C for asynchronous 
communications to be used with Bell 113 A/B, 103 and 202 S/T modems^ A 
detailed description must be pan of the proposal identifying connector typ^ 
and signal pin connections, 

(h) The proposal must describe any loopback testing facilities available for 
determining if the computer interface and multiplexor is operating correctly. 

(i) Terminal interfaces must include the standard RS-232C interface. 

(j) Terminal ports must accept either hard-wire or service through a dial up or 

hard wired modem. All these are required, 
(k) Acceptable data rates must include 300, 1200, 2400, 4800 and 9600 bits per 
second, 
d. Peripheral Devices 

(1) CRT Terminals ; 

(a) Keyboard must provide, as a minimum, the standaird'ASC'II 96-character 
subset. Proposal shall include a table showing the CftT in^age of each of the 
96 characters. Furthermore, the system must Ije capable of ' recognizing, 
transmitting, procc^ing, storing,, retrieving, displaying, and printing a full 
alphanumeric upper and lower case character set. 

(b) CRT screen display area must be approximately nine (9) inches wide by 
seten (7) inches high as a minimum. ' 

(c) CRT screen display area must ha%^e a capacity of not less tRtm 1,920 
characters displayf^d at not less than 80 characters per line. 

(d) It is desired that CiR T display rharnctrrs consist of, or be equivalent to, a 
dot matrix of not less than 7x9 dots per character. 

(c) I'hc CR T di.splay must tx- fully buffered and the refresh rate must be 
sufficient to mairitam full intensity of each individual character over the 
entire display area withnut flicker or other distortion. 

(f) The CR r unit must provide a t ursor which functions as a visible positional 
' indie ator= It nnint be ptissiblr for the terminal operator to change the position 

of the cursor — left, ri^ht, up, down — by means of function keys on the CRT 
keyboard unit. Also, it is desirable to have the ability to tab or skip the cursor 
ahrad to posHionH prrviinisly determined by the application program. 

(g) Under program rcjptrol, it is desirable to emphasize or highlight individual 
characters or c harac ter positions by means of high-low dual intensity reverse 
polarity or blirikinM. and if nnisi be possible by program control to' protect 
selec tetl c harat ier p(>situnis from l>rin^ modifiecL 

(h) It is desired that the ( IR T umt have the ability to accept from the currently 
fxecutiu^ af)plic-aiinn prcj^rain a visually formatted data entry screen 
display; prc^je^c t iluu displav on* the ( M V screen in protected mode; then, 
vvithout further ( :IH ' attentiotu allosv the terminal c^perator to key=enter data 
into the sfjec ifietl input fieldH and ii) seleetively re-key into these fields for 
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correction of errors visually detected by the tefminaroperator; and finally, 

whpn initiated by terminal operator action transmit only data currently 

displayed in the input field locations. 1 
(i) CRT terminal must have an RS-232-C communications interface sup^rt* 

ing user-selectable data transfer rates including 300 and 1 200 baud. 
Q) In addition to the terminal specified in (a) through (i) atwve, a software 

compatible alternative terminal not having lower-case capability is desirable. 

LC may choose to install a lower cdst alternate terminal in situations where 

upper/lower case capability is not required, 
(k) It is desirable to support the Library of Congress MARC II character set. 

This character set utilizes the parity bit to derive characters over and above 

the standard ASCII characters. It is requested that this capability be 
' addressed, 

(1) The CflT system must have a minimum of 10 function keys associated with 
it to enable selection of user functions. This requires the function keys to be 
^ identifiable by the applications code. It' is d^ired that these keys be internal 
to the CRT keyboard but proposals for a co-located function key box will be 
entertained. 

(m) It is desired that the CRT have an input I/O port which ^entially 
parallels the keyboard. It shall conform to RS-232C serial transmission and 
be of suitable baud rate to accommodate a bar code wandgreader or OCR 
reader with ASCII output. . / 

(n) The CRT must have an output I/O port which shall be capable of 
transmission to the document printer specified in paragraph d. (5). This port 

will be used for pnnting the screen image. ' ^ ^ 

(o) A desirable option is a terminal such as the one described above but with a 
58 line X 80 character display for word processing applications. Refer to 
section ^.g for details of word processing. 
(2) Direct Access Storage Devices 

(a) User data/progrnni stt)rage 

• System capacity for at least four separate online disk storage devices^ 
■each vvith removable data storage media (disk pack) ''physically" 
compatible with IBM :5330 packs, IBM 2314 or CDC 9876 Trident 
packs. I hv average and maximum disk access times shall be stated 
including seek times and rotational latency. Average access time is 
defined as seek time across one-half of tracks plus oae^half total 
rotational delay and shall npt be greater than 50 milliscc. 

• System capacity to be not less than 300 million bytes of concurrently 
online direct access user data storage. 

• Sysiem (disk subsystem in conjunction with operating system I/O 
\ drivers) must be capable of recognizing and bypassing bad tracks. 

Bidder must describe methodology of this capability. 

(b) Systems residence device (optional) 

• In view of tlu^ relatively large number of coticurrent users to bo 
supported, it is anticipated that bidders will find it desirable to include 
in their proposed systeni configuration a high-performance system 
residence devit i- f(>r prograni overlays, swap space, and so on. Because 
this device is optional, its detailed P^specifications are left up to the 
discretioii of the iudividual bidder, 

■ 
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jnetic Tape Drives (optional) 

yrstem must be capable of supporting up to four (4) tape driv^ in 
ements of one, starting with one drive. Thee drives must have the 
foUovving characteristics: 

(1) 9-track 

(2) 800 or 1 600 bpi — Preferably 1 600 bpi 

(3) 75 inches per second read/write speed minimum 

(4) 2400 foot reel capacity * 
(3) ANSII compatible 

(6) IBM readable 

(b) In order to reduce media inventory' and minimize operator intervention^ LC . 
Js considering mi including magnetic tap^ drivte in these minicomputer 
systems. Bidder shall describe the impact (if any) this action would have in 
regard to each proposed system with particular attention givjn to aspects of 
system reliabiliiyi operation, and maintenahce, 

(4) Line Printer 

(a) Each system will be equip^d with one line printer. 

(b) The sustained printer speed must be 200 lines/minute or better. Printer 
speed is defined as the print rate using a standard ASGIJ set of 96 characters 
and printing on all 132 print pavilions with equal use of all characters, 

(c) Six lines/inch capability is required with sis^^r^ight lines/inch d^irable; 

(d) There must be a minimum of 1 32 print positions. 

(e) The printer must be able to print mutiple copies up to six^part forms. 

(f) The printer must be equipped wTth veftlcal and horizoniat^ahgnTnenr^ 
controls for special forms, carriage control, and line feed suppression. 

(g) The printer must hive an adjustable forms width capabiUty to accommo^ 
date forms ranging fmm 1 1 inches to 14 7/8 inches 

(h) \j\ reference to the extended character set it is requested that the line printer 
interface be such that it would not preclude the use of a full 8 bit code 
transmission to accommodate the MARC 1 1 character set, 

(5) Document Printer 

(a) There should be k minimum of 80 print positions with a capability of 
transmission of at least 30 characters per second. 

(b) Standard Qe^pharacler ASCII (includes upper/lower casek 

(c) Multi part form capability is desirable, / 

(d) Character formation/impression mechanism must produce clear, "crisp'' 
characters which will repfioduce satisfactorily on Xerographic process office 
copier machines Bidder^ shall include in their proposals a sample page 
printed by the documenn^ripter they are proposing. 

(e) Prinicr must be capabre of being located and operated remotely via the 
qommunications subsystem 

(f) In addition to document printer sj^cified in (a) through (e) above, a \ 
software compatible alternative not having bwercase capability must also be- 
operationally available. LC may choose to install bwer-cost alternate 
document printers in situations where upper/lower case capability is hot 
required, ^ 
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(g) Additional capabiiiti« are desired for the word pr^^ing subsystem 
^ explained in section 3. g. These are as follows: 

(1) Variable pitch (either 10 or 12) and have readily changeable typefbnts 
(not to exceed 5 minutes change time), 

(2) In action to upp^r/lower case alpha and mumeric, the special 
symbols period, comma, colon, semicolon, plus, section^ cent, parenthe- 
sis, brackets (squared), quotation, asterisk, question mark, number, 
exclamation mark, percent, dollars, dash, underline, slash and apostro- 
phe are required. 

(h) It is requested that the MARC-II character set discussed in paragraph d. 
(1 ) (k) be addressed here also. 

(6) IBM Channel Interface 

It is highly desirable to have the capability of interfacing the proposed systems 
to the IBM 370 via a selector and/or multiplexor channel Response to this 
requirement should dcx:umented evidence as to bpth hardware required and 
software available to accommodate the hardware. Both the minicomputer and 
IBM 370 system requirements and prerequisites should be identified along with 
data rate limitations. 
) 3. System Software 
General 

a. Operating System 

(1) A complete, fully supported operating system is required that is capable of 
^ supporting all peripherals and managing all system resources. This operating 

system must be capable of supporiihg a minimum of 60 concurrent interactive 
terminal users executing a mix of application procedurgs. If the t^rmiri.^| 
support is not part of the operating system describe any communication 
< software available to perform ihis function. Areas of interest include buffer size 

requirement^, amount of memory required for the package and interface to 
high-level languages. 

(2) Both generic and specific program references to the line printer and other 
devices are desirable. 

V. (3) All peripherals must be accessible through software from terminals. 

(4) It is desirable to have a priviliged class of usef^ permitting access and 
modification of system functions that are not available to non-pmvileged user^. 

(5) It is desirable to have a capability to dynamically **tune" the operating system 
to optimize performance for changing vvorkloads. 

(6) It must be possible to deny certain users acccM to certain system resources, 
such as disk space and CIPU time. ^ 

(7) Program development ^must be pMjssible from a minimum of two terminals. 

(8) C'apability MUST be provided for di.sk storage file backup. Offerors in 
responding should provide a measure of the time required *lo perform^ackup. 
Show all calculations and list the ti^sumptions used for these calculations.X 

I'^'N (9) A software library facility is required for frequently used programs, ^--^^^.^^ 

(10) It is desired that it l>e po^ible to assign user priorities and for tftc 'system 
manager to define limits on user activity. 

(11) Terminals must be addressable so that the operator can communicate with, 
and as a privileged user, interrupt individual users. 

( 1 2) Spcwiing to disk for line printer output is mandatory. 



' li3 



,44 ' , Nm^COMPUTERS m FEDERAL UBRARIES^ 

* 

( 1 3) There must exist a comprehensive file management system. 

(a) Binary data as well as formatted data must be storable on disk and magnetic 
' tape, \ ^ 

(b) File accessing from a program must device independent. 

(c) File structure must be language independent. Files created in one language 

must be accessible by other(s). > ' * 

(d) Files created in batch rtode must be fully compatible with and accessible in ^ 
multiple user mode and vice versa. 

(e) Files must be sharable. More than one user must be able to access the same 
file concurrently. Protection Qgmmt concurrent acc^ via user option must be 

also available. ^ . 

(f) Record formats supported should include fixed, fixed block, variable^ and 
variable blocked, 

(g) File access methods supported should include sequentialrindex sequential, 
random, and direct. ) 

(h) Bidders shall d^cribe the file allocation .methodology of their software, 
stating how this allocation methodology functions in a multi-user online 
interactive environment. . 

{\) if the requirements (a) through (h) above require a DBMS, bidders shall 
provide complete functioriaJ and operational description of their prdposed 
DBMS (sec item ''f" below). Particular emphasis shall be placed upon the 
' performance impact of such software. 

(j) The file management system mmt have the^ capability of generic and 
approximate keyed retrieval Generic is defined as having one or more of the 
^^""^ ^^^^ 1^ 

closest key such that 
^ \f,KEYR >KEYF or KEYr <^KEYf 

Where KEYr is the key requested and KEYf is the key found. 

(14) If the proposed software contains any system limitations such as number of 
files per disk drive, maximum file si^e, maximum record size, and so on, such 
specifications must be stated in the proposal 

(15) It is required that the Qperating system be able to distinguish between system 
software activity and user application software activity so that the system can 
protect itself from user errors. 

(16) It is highly desirable that the system be capable of accepting a "down-line- 
load" from a remote host system. Bidders shall provide a comprehensive 
description of the methotloltigy employed. 

(17) Vendor should describe availabihty and cost of source code for operating 
system, language prcKiessors, and all other vendor^supplied software. 

b. Languagf Processors 

(1) Describe *'high=level" muliinjser language capability as applicable to the 
development of application programs. Sp^jify the extent of multiprogramming, 
multiiiisking, and re-entranc y of t ode generated by available compilers. Highly 
desirable high level languages include COBOL, FOR rRAN. RPG. BASIC, 
ALGOL, and PL/l. 

(2) Specify and describe the user environment in which application programs , 
A would be developed, tested, and implemented. Include fiscenario of the coding, 

integration, and testing process. 
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. (3) Describe and provide examples of accomplishing data storage and retrieval in 
a high-level language--particu4arly data with alphanumeric* **keys*' of at least 
' 25 characters in length. * 

' (4) Describe the available MACRO assembler, if any. 

c. ^^ly and Source Data Entry Package 

(1) A generalized package of this type is not mandatory. If the vendor wishes to 
describe a supplementary package which would be useful to LC, they may do 

so, 

d. Soft /Merge and General Utilities 

(1) Provide a *'sori/mergc'' capability and d^cribe typical performance results. 
State the tinie required to sort from 1,000 to 20,0(X) records in 1,000 record 
increments, listing the system, disk, and core resources required, assuming no 
other active tasks,^ a 12-character sort key, and a 200-tharacter record. It is 
desirable that this sort/merge be callable from application programs in either 
high-level language or assembly lanfuage. 

(2) D^cribe the system's ability to perform general utility functions and the 
environment in which they arc performed (i.e., under language interpreter or 
operating system control). 

(3) Describe the software for performing disk pack backup copies and typical 
times involved. 

e. Communications 

(1) D^cribe software for emulaiing/simulating a 2780/HASP/JES/RES IBM 
compatible work station for 370 batch conimunications. 

(2) Describee the capability (if any) for a proposed system to fcmmunicate with 
another proposed system. 

f . Data Base M anagernent System ( C3 p i i o n a 1 — Dcsi red ) 

( 1 ) General 

It is desired that the DBMS relieve the application progranimer of concern for 
the overall organization, structure and maintenance of the data base. The 
DBNI3 should insulate thtj application prograrft from equipment difference 
among storage dcvic rs. 

(2) Host Languages 

\ DBMS system should provide a high-level language interface capability to 
support application programs development. The DBMS should include the 
capability for such application programs to utilize all of the DBMS functions 
either through language extensions or supported call statements. 

(3) Processing Modes 

The DBMS should have the capability to support both batch and interactive 
modes of processing in a multi-user environment; that isj multiple termi- 
nals/programs should be able to update/retrieve from the same data base 
concurrently. 

(4) Data Definition 

There should be a facility in the DBMS to support the definition of data to the 
application program. Included in the definition capability should be features 
such as the following: 

(a) The definition of data hmm and keys. ; - . 
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(b) The alignment of symbolic nam^ to data bas^, data elements, and groups 
of data elements. 

(c) Characteristics of each data element such as size, numter of occurrences, 

and type, such as alpha or numeric, ■ 

(d) A listing of data detmitions with diagnostics, 

(5) Data Base Recovery v 
The capability to recover the entire data Base in a timely manner is Imperative. 
In this respect* several requirements are specified telow. 

(a) Ability to copy the entire data base or specified portions onto an auxiliary 
storage media upon command, 

(b) Ability to restore th^ata base from a previously generated copy along with 
all associated indices, pointers, and directories, 

(6) General Capabilities Desired 
The following capabilities are d^irable and should be available to men 
through the query language and directly from a program written in the 
proposed host languages, 

(a) Efficient space allocation and de^allocation. 

(b) Variable length records viaVepeating groups or attached members, 

(c) Multiple indexes on a single file with duplicate ke>^^llowed, 

(d) Randomised and tree index structures, \ 

(e) Data dictionary. 

(f) Minimal record and file size limitations. 
__(g) AbUit>^to aiiseEt^ delete and update records in a data base without 

necessij^ting its recreation, 
^(h) Ability for multiple users in all processing modes to concurrently acc 
common data base. ^ ^ 

(i) Specify all utilities required to maintain the data base include 

supplied or cu.stomer required, 
(j) The ability to create and retrieve on sub-indexes is desirable. 
Word Processing Suhsystmi ( des i red ) 

( 1 ) General 

It is desired that a software system which would facilitate word processing 
applications be described if available. This system should be oriented around a^ 
full page (58 lines of BO characters or standard Syi X 11 ) CRT. The emphasis 
is placed on ease of use and ease of training of relatively unskilled typists. If the 
vendor does not have software of this type, LC will entertain recommendations 
as to where H'mighi be obtained. 

(2) Software 

The software would be preferred in a high-level language to facilitate easy 
support. It will be required that the source ct)de for the subsystem be supphed 
with delivery of the system. Furthermore it is required that a full, detailed 
configiiration txud operating system envirorimeni description be provided as 
pan of the proposal with a general description as to wljether it is a stand alone ^ 
system or concurrent running with other application programs. 
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(3) The following word processing functions arc deired. 

WORD PROCESSING MINIMUM CAPABILITIES 
r Insert character * 

s 

^ 2. Insert line ' 

3, Delete character 

4, Delete line 

5, "Edit*' or "Break" for variable length input of additional text, 

6, Erase (Deletion of character that leav« a space). 

7, Move Character 

8, Move line 

9, Mov^ paragraph 

10. Move page 

1 1 . Must be able to print and edit or keyboard simultaneously. 

12. Local storage of minimum of 30 pages of text ( 1 page^ 200 characters), 

13. Keyboard conimands and use of system training not to exceed 20 hours for 
full capability. Employee should be able to be completely productive 
(nriaximum productivity) by end of 80 hours (includes training time).: 

14. Printer must be capable of printing total screen text (58 lines X 120 
characters). 

15. Should have global search and replace 

16. Automatic pagination 

1 7. Ease of handling footnotes 

18. Decimal justification 

19. Diacritic 

(4) File handling capabiliiies 

V . In addition to the word processing requirements it is required that files or 

.documents be accessed via keyed retrieval methods as described in section 
3,a.l3. Provisions must be made such that several individuals can be working 
on the same documerft concurrently and have the system reassemble the 
document into proper sequential order. 

(5) The system should also be capable of communicating with the I2d mainframe 
CPU, IBM 370/158 with appropriate communication link control as described 
in section 3.e. 

h. GmeraiRequtremmls 

(1) The equipment design shall provide for maximum useful service life under 
twenty-four hour/day, .§even day/ week operation as a design goal, obsolescence 
not withstanding. Useful service is defined as the continued ability to meet the 
performance reliability and maintainability s^cifications herein, a^uming 
that preventive maintenance in accordance with the vendor^! peroposal is 
practiced. Vendor shall state minimum and maximum useful service life and 
warranty. The equipment will require «o special facility to be constructed* The 
operating environment shall be that of normal office conditions. 

(2) The equipment shall operate and maintain specified perforniance from a 
single phase power source of 1 15V4-- 10%, ^ cycles 1 cycle, or a three 
phase, four wire power source of" 1 15/208 V +^ 10%, 60 cycle +^ 1%. 
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(3) The vendor shall insure that all equipment will operate as specified in the 
provable internal and external electromagnetic and electrostatic environments 
without lorn in performance and without, through the electrdmagnetic energy it ^ 
generate, causing other equipment to malfunction. Designed suppression of 

" radiated and constructed interference shall permit the equipment to operate 
without error from incoming interference source such as floresceni ligHtmg, 
power lines, general purpose high-speed digital computers and their auKiliary 
equipment. It shall be the vendor's responsibiiity to inspect the site and review 
equipment instailation plans with LC. 

(4) Electromagnetic or other radiation hazards potentially harmful to operating 
or maintenance personnel shall be constrained within the limits establiihed by 
the National Council on Radiation Protection and Measurements. 

(3) The equipment shall have UL approval and perform as specified while 
operating under the following conditions: 

• Ambient Temperature Range. 50^ to 90 degrees F provides there is no 
condensation. 

lelative Humidity, \0% to 90% ^within the ambient temperaiure ranp. 

• Other Atmospheric Conditions. Any probable combination olp^oke, ozone, 
; fine dust, or any other atmospheric conditions which are likely to be 

encountered in an office building. 

(6) The; vendor will provide detailed specifications of the proposed system as an 
endty and define characteristics for system integrity. These shail include, but 
not be limited to: 

• Detailed listing of system components. 

• Dimensions of all items of equipment and proposed installation layout. 

• Power supply requirements. 

• Overload protection. 

• Required system operating environment, particularly cooling andelectncaL 

• Modular growth characteristics and estimated useful life , 

m I3ctailed description of the technical characteristics^ of each component 
including MTBF (Mcdn Time Betweeh Failure), MTTR (Mean Time to 
Repair), and rvri Bl (Mean Time Between Interrupt meaning abnormal 
termination of operaiing system software/) The vendor must meet or exceed 
the following figurcH or explain to the satisfaction of the LC why Kis figures 
should be accepted as a reasonable alternative; 

• K4TBF: Sec paragraph i.3. which follows 

• M'rrR: See paragraph i.4. which follows 

• MTBI: See paragraph i=5= which follows . 

• Workload processing capability. 

• Operational Hafeguar.ds. 

• Software i|itt'rfaces. 

• Hardwart! interfaces. 

• Previous operational applications. 

• Performance expectation ( rhroughput, etc.) 

(7) S^cify the expandability or maximum capability of the system for mcti[ioi7, 
disk storage, CRTs, and primers. 
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(8) Specify the source of all hardware and software being proprosdB which has not 
' been directly produced or manufactured by the vendprl 

(9) Provide the naniei title, addre^, and telephone number of the vendor*s 
rcpr^entativ^ who ' beare sole responsibility for this proposal and ensuing 
contract; Thii repraentative would be contacted only in the event of unusual 

, / ^ circurnstances;, day- to-day situatioas would be han 

allevel , 

1. Reliability - ' 

Perforcnance capability of the system will be based upon calculations from 
dcnionstrated field e.xperience. Definitions and establishment of the quantitative 
criteria follows ' \ - . ■ ^ , 

(1) A sys^tem is the basic configuration of CPU's memory, DISKS, and japes (if 
the tape option is exercised) and will mt include any of the terminals sup^rted 
by the system, telephone lines, cables, or utility power. 

(2) Faihm \ A failure is defined as ©ne or more of the following: ' . 

(a) Any component failure in a CPU causing the system to cease functioning. 

(b) Failure of the internal system power supplies to deliver the correct voltage 
(e) Failure of any component in the memory which disables. usage ' 

(d) Failure of any component in the controller (if one is used) controlling the 
two sy nc h ro nous c h a n ne U 

(e) F\ilurc of both of the synchronous channels 

(f) Failure of any component in the controller (if used) controlling the 
asynchronous c^iahnels. 

' (^) I'^aTime of rnrurlnh^ channers. 

(h) I'he system fails \o operate within the specified environmentariimits. 

(3) AilBF Fhe demonstrated mean time between failure for a population of 
systems shall 12,000 hours as a goal. The goal should be realized in a one 
year lirnc period. The I X- will evaluate at the end of this time period \^hether 
t he goa I w as mtj t and t h e s li i i a bi 1 i t y of th e p roposed system . , 
Fhe MTBF shall be calculated as follows: ' ' 
The system svill be utilized over a 12 hour period daily. Failures occurring 
outsids^this 1 2 huur period will not be charged against the system provided they 
have b^n r^epaired before start up .tinie the following day. It is desired that an 
unattended systern be abk' to report itsulf ''in trouble'' to the main 370/158 at 
the Library of Clon^ress^that service personnel may be dispatched. 
Ov'erall system reliability may be accomplished by one or more of the fallowing 
suggejjted approaches: 

(a) Dynanuc reconfiguration which is achieved by online test and diagnosuc* 
capabihly coupled wUh sufficient hardware sopliis^ication for the system to 
realizt^ a module is in iruuble, configure the module out» report the failure, 
and nu! interrupt operatic;?n. This is tkf cksmd approach. > 

(b) Manual reconfiguration vvhich rnay be accomplished by a user or by an 
operator at a cciural terminal or at the 370/138 site. A short interruption 
occurs. 

(4) MilR: Mean time to repair is desired to be less than 30 minutes (after the 
field engineer has arrived at the site). Fhe proposal shall identify all evidence 
leading to thisc onclusioii. 
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(5) MTBIc f^eariVtime between intern^^tions shall apply to interruptions caused 

either the-QperaUorial system software or the system hardware. It is expected 
thSt interruptions will occur more^ frequently immedktely foriowing installav 
tion of the system, but will be expected to improve ondfe the burn in period has . 
elapsed. MTBI is intended to cover those interruptions which cannot be traced ; 
to either system software or hardv^are as well as those that can be and is 
inciuded to encourage the offerer to quote tested stable systemB. as far as ^ 
practical The following MTBI figures are desired; 
^ (a) For the first month =100 hours 
\ (b) For the next two months— 500 hours 
' (c) For the next three months— 1 ,000 hours 
(d> For the remaifidef of the time— during each working day of 12 hours or 1^ 
the reliability shall be 0.999 equivalent to one tenth or- one percent 
prohahility of failure, equivalent to a mission MTBI of 1 2,^00 houi^. 

(6) Design Ltjt: The design life of the equipment is to be 10 years at 24 hours per 
day operation, 

. Disign Approach 

We Vequire tfial the reader provide us with full details of the design approach bid^ 
including the architecture and logic for achieving the required reliability and/or 
failure tolerance. We will entertain all sound design concepts that can achieve the 
d^ired reliability including n-processor approaches. 
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